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Section One — Components of a Computer System 1 

Computer Systems 

As it's the first page I'll start simple. Computer Science is all about computers. What, you already knew that? 

1) The purpose of a computer is to take data, process it, then output it. 
Computers were created to help process data and complete tasks more efficiently than humans. 

2) A computer system consists of hardware and software that work together to process data/complete tasks. 

e Hardware is the physical stuff that makes up your computer ermal iccesidtiiirdeltre 
system, like the CPU, motherboard, monitor and printer. iether Coennniceishd 

e Software is the programs or applications that a computer system printer are called peripherals. 
runs e.g. an operating system, a word processor or video game. 

3) There are many types of computer system. These range from small devices like calculators and 
watches, up to large supercomputers used by banks or for scientific applications. Computers may 
be general purpose (designed to perform many tasks, e.g. PCs and tablets) or dedicated systems 
(designed for one particular function, e.g. controlling traffic lights or an aeroplane). 

aoe 

1) Embedded systems are computers built into other devices, like dishwashers, 
microwaves and TVs. They are usually dedicated systems. 

2) Embedded systems are often used as control systems — they monitor and control machinery 
in order to achieve a desired result. E.g. In a dishwasher the embedded system could control 
the water pumps and water release mechanisms, manage the various dishwasher cycles and 
control the thermostat to keep the water at an appropriate temperature. 

3) As they’re dedicated to a single task, embedded systems are usually easier to design, 
cheaper to produce, and more efficient at doing their task than a general purpose computer. 

This section is all about the main hardware components of a computer. 
As a warm-up, let’s take a look inside a typical desktop PC. 

Power supply — supplies power 
to motherboard, optical and 
hard drives, and other hardware. 

Optical drive — 
for read/writing of 
optical discs (see p.9). 

Case cooling fan — extracts 

hot air from the computer case. —_ RAM sticks (computer memory) 
slot in here (see p.6-7). 

CPU heat sink and cooling fan — 

keeps the CPU at a steady temperature 
(CPUs generate a lot of heat). Motherboard — The main circuit 

=== ——~dDoard in the computer, where 
ee _sitthe hardware is connected 

CPU (hidden under the ; : 
heat sink) — the most 
important component. 
Does all the processing 
(see p.2-3). 

Hard Disk Drive — Internal 

The graphics card slots in here (see p.7). secondary storage (see p.8). 

If you know your computer, you need not fear defeat... 
There’s a lot to take in on this first page. You should make sure you're comfortable with the components 
on this page before going any further, as they’II crop up a lot throughout this section. 

Section One — Components of a Computer System 



The CPU 

The CPU is very important — it’s the main component of a computer, so here are two whole pages about it. 

2) It processes all of the data and instructions that make the system work. 

3) The processing power of a CPU depends on different characteristics, like its 
clock speed, number of cores and cache size — there’s lots about this on p.7. 

4) The CPU architecture describes the main components of the CPU, 

how they interact with each other, and with other parts of the 
computer system. Von Neumann and Harvard are the two main types 
of architecture. You will need to know about Von Neumann — see next page. __*hese transmit data, others 

supply power to the CPU. 

CPUs contain 1000s 

of gold pins — some of 

The control unit is in overall control of the CPU. Its main job is to execute 
program instructions by following the fetch-decode-execute cycle (see next page). 

¢ It controls the flow of data inside the CPU (to registers, ALU, cache — see below.) 
and outside the CPU (to main memory and input/output devices). 

BMil-w-Vaidalist-id(om mey-4(om Olilian (Ay mop) 

The ALU basically does all the calculations. 

It completes simple addition and subtraction, compares the size of numbers and 
can do multiplications and divisions using repeated addition and subtraction. 

It performs logic operations such as AND, OR and NOT (see p.98) 
and binary shifts (see p.105) — remember, computers process binary data. 

It contains the accumulator register — see next page. 

The Cache 

The cache is very fast memory in the CPU. It’s slower than the registers (see below), 
but faster than RAM (see p.6). 

It stores regularly used data so that the CPU can access it quickly the next time it’s needed. 
When the CPU requests data, it checks the cache first to see if the data is there. 
If not, it will fetch it from RAM. 

Caches have a very low capacity and are expensive compared to RAM and secondary storage. 

There are different levels of cache memory — L1, L2 and L3. L1 is quickest but has the lowest 
capacity. L2 is slower than L1 but can hold more. L3 is slower than L2 but can hold more. 

The CPU contains various registers which temporarily hold tiny bits of data needed by the CPU. 
They are super-quick to read/write to, much quicker than any other form of memory. 
You need to know about the program counter, memory address register (MAR), 

memory data register (MDR) and the accumulator (see next page). 

ze \hat’s a lot to remember, for something so small... 
It’s important that you know all about the CU, ALU and cache. Try learning everything you can 

SP about each one, then cover up the page and write down as many notes as you can remember. 

Section One — Components of a Computer System 
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The CPU 

Now let’s look at the Von Neumann architecture and what the registers do in a bit more detail. 
Von Neumann came up with his design in 1945 and it still describes how most computers work today. 

The Von Neumann architecture describes a system where the CPU runs programs stored in memory. 
Programs consist of instructions and data which are stored in memory addresses. 

These arrows show Output Device 

the flow of data. ee 

Central Processing Unit (CPU) 

The memory address 
register (MAR) holds any 
memory address about to 
be used by the CPU. The 
address might point to 

data or a CPU instruction. 

The program 

counter (PC) holds 

the memory address 
of the instruction Control Unit 

Registers neers | P| trogam courte] 
Memory Address 
Register (MAR) The memory data register 

(MDR) holds the actual 

data or instruction. This 
may have been fetched 

from memory, or be waiting 
to be written to memory. 

The accumulator 

stores intermediate 

results of calculations 

in the ALU. 

Arithmetic & Logic 
Unit (ALU) 

Accumulator 

Memory Data 

— Register (MDR) 

One of the main features of the 
Nin a no 

The memory holds the 
—_—_ 7 ’ 

program instructions 

Serpe EEg and the program data. 

Von Neumann architecture is that 

it only uses one memory for both 

the data and the instructions. 

Essentially, alla CPU does is carry out instructions, one after another, billions of times a second. 

The Fetch-Decode-Execute cycle describes how it does it. 

Fetch Instruction 

1) Copy memory address from the program counter to the MAR. 

2) Copy the instruction stored in the MAR address to the MDR. 

3) Increment (increase) the program counter to point to the 
address of the next instruction, ready for the next cycle. 

Execute Instruction 

The instruction is performed. This could be: 

load data from memory, write data to memory, 

do a calculation or logic operation (using the ALU), 
change the address in the PC, or halt the program. 

DY -veole(-Mlatiagtiadteys 

The instruction in the MDR is decoded 

by the CU. The CU may then prepare 
for the next step, e.g. by loading 
values into the MAR or MDR. 

Learn this with the Revise-Assess-Review cycle... 
To remember what each register does, look at its name to see if it stores an address or data. If you’re 
confused about the difference between the PC and MAR, remember: the program counter just starts 
off the cycle by pointing to the instruction. The MAR is far busier — all addresses (data or instruction) 
being used must go into the MAR, meaning its value might change several times each cycle. 

Section One — Components of a Computer System 



There’s a lot to learn on those first few pages — once you're happy with them, have a go at these questions. 
ny 

Write the names of the parts of the Centra = nat re Se paste 

CPU in the correct places: ; 

e Program Counter (PC) 

e Memory Address Register (MAR) 

e Accumulator 

e Memory Data Register (MDR) 

| Other Registers 

State the function of the following registers: 
a) Accumulator b) MAR c) MDR 

Computer systems consist of hardware and software that work together. 

a) Define what is meant by hardware. Give one example. 

Definition: 

Example: 
There are loads of possible [2 marks] 

: : ‘ les f f 
Define what is meant by software. Give one example. Samples foeag pee 

— far too many to list. 

Definition: 

Example: A word processor 

A tech firm are testing the registers in some prototype CPUs that they are developing. 

a) Explain the purpose of CPU registers. 

b) A fault is identified in the prototype CPUs where the program counter is not 

incrementing with each cycle. Explain what will happen in the CPU in this case. 

[2 marks] 

om ay 
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A microwave contains an embedded system which controls its cooking modes. 

a) What is an embedded system? 

PRR e Ree eee eee meee EHH E OHH HEHE HOSE HEH HEHEHE EHO EEEEEEEEEEEESEH SEES TEE EHHHEEEHEHEEHEEH HEHEHE EEEEEEE EEE EHEEHEE HEHEHE HEHE HEHEHE EOE E EEE EEED 

POOR e meee eee meee eee e ee Hee eee eee eee OHHH HEHEHE SES EES EEE HHHH EEE SEE SES EEHOEHHEHEEEEEEEHEH OEE OS HOES SEEEEEEOEE EEE HOH HEHEHE SHEE ETOH OHHH HEE HEE EES 

POORER eee eee Hee HHH HEHEHE EET EE HEHE ETH EEH EEE EEE EEE EEHEEEESEHEEEEEE ESE EEE SEE EEE EEEEEESEEH EEE EE EHHEH EEE EEESEE EEE EEHEEEEES EEE EEE EES ESE EEE EEEES 

c) Explain two benefits of using an embedded system, rather than a general purpose computer, 

in a microwave. 

POR Rme meee meee Hee eee eee EEE SHEE HEH EEE HEE EET HES EEE HEHE EEEEES EES EEE OEE EES EEE SES HEE EES EES EEE HEEHEESEEE ESE EES EEE SEH EEE EEEEEEH HESS EH EEE EEEES 

POOH R meee ee eee eee eH HEE EEE HEHEHE EHH HEHEHE EEE EEE EEO EH HEHEHE EEE TEES ETH EEE EHH SEE EEE EEE EEE EEHHEEHEEEEET EEO EEE EEE EEHHEH EEE HEEH EEE HEHEHE EEEE 

POOR meee eee eee OHHH EEO Ese e eee OHHH HEHEHE EEE EEE EEE EHHHHEEEEE EES EES EEE EEE ESEHEEEEHHEE SESE EE EEEHEEE EEE EEE EEE EEEEEEEHE HEHE EEE EEH HEHEHE EEED 

SORE E eee mee eee EEO HEHE EEE HES OEE EEE HEE EEE EES ESESEEEEESEES ESE OEE EES EE OSES SEH HESS ESEH SES SEH EEHHHHEHEEESE SEES HEE HEHEHE SEES E SEHD EEE EEE EEEES 

POOR Ree eee eee eee eee E EERE EEE EEE HEHEHE EE EEE EEE EES EEE ESEHHEH EES SES EES EEE EES EEE EEE HEE HEE EEEEEEEEESEESEESESE HEE EEEEEEEEEEEEEEEE HEHEHE EES EE ES 

SORE meee eee eee eH EEE HEE EEE OEE H HEHEHE EEE TEE EEE HEEEHESEE EEE SEES EEE EES EES EEE EEE EEE EEE SESE EEHEEHEEEEES EEE EES EEE SEE EESSEEHEE HEHEHE EEEE TEESE 

The control unit, arithmetic logic unit and cache memory are all parts of the CPU. 

a) State two functions of the Control Unit. 

SOOO e eee meee Hee H HEHEHE EE ESOS EHH HEE EEE EES EEHEEEHEEEEES EEE EEE EEE EEE EEHEEE EEE HES EEE SEE EEEHEEE ESE EOEEESEEESEEEHES SEH EEE EEE HEHE EEE EEES 

POORER Eee EHH HEHEHE HEHEHE HEE SHEE EEE OEE EEE EEE ESE SESE EEHEEEEEHEEE ESE HEEE EEE EESEEEEEE HEHE EEE EEE EHH EES EEE SESE HEHE EEE EES HEHE HEHEHE EES EEEEEES 

PORE eee eee H HEHEHE HHH HEHE EEE OE HEE EEE EEEHEEEEEHEEHESEEEEE SEH EEE HEHEHE ESE EEE EEE EEEEEEESEEHEE HEHEHE EEHEEEEHHHHEEEEEEEEESEEEEHESHEEE ESE EEEEEEEES 

PRR RE RHEE HEE HEH HEH OEE EEE EEE EEE EEEEEEEEE EEE ESE EEE HEHEHE EEE HEE E EEE EEE EEE EEEEEEEEEEEEEEEEEEHEEEHEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEE EEEEEH EEE EEEEES 

PAR eH Hee HEH HEHEHE EEE EE HEE H EES EES EEE EEE EEE HEHEHE EH HEEEEEH HEHEHE HEH EEE EEE SES ESEEEEHEEE EEE EEE EEH EEE E SHEE EEE EEHHEEHEH HEHEHE OEE EEHEHHEEEEHES 

TREO H EHH HHH HEHEHE H EEE EEEEEEEEEHEEHEEH EEE EHEE HEHEHE EEEHEES EEE EEE ESE EEEEEEEEEHEEE HEHEHE EH EEHHEEEEEHEHHEEHEEEEEEEES EEE EEE EEEE EEE EEHES 

TORRE EERE HEHEHE EH EEE HEH HEHEHE EEEEE EEE EHH EEEEEHEHEH HEHEHE EEE EEE EEE EEHEEEHEEEEEHEEEEEHEEE EH EEEE HEHEHE HEHEHE EEE EEHEEEEEEEEHHEHH EEE EEE EES 
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As you'll have gathered from earlier, memory is a pretty fundamental part of a computer. It contains all 
the instructions that the CPU follows. Without memory, a computer wouldn’t know what to do with itself. 

1) RAM (or Random Access Memory) is used as the main memory in a computer. 

It can be read and written to. RAM is volatile. 

e Volatile memory is temporary memory. It requires power to retain its data. 

¢ Non-volatile is permanent memory — it keeps its contents even when it has no power. 

2) The main memory is where all data, files and programs are stored while they’re being used. 

3) When a computer boots up, the operating system is copied from secondary storage to RAM. 

4) When software applications, documents and files are opened, they are copied from 
, ; oe Secondary storage 

secondary storage to RAM. They stay in RAM until the files or applications are closed. 
is covered on p.8-9. 

5) RAM is slower than the CPU cache, but much faster than secondary storage. 

MEN 

1) Computers have a limited amount of RAM. As applications are opened, RAM fills with data. 

2) When RAM is full, the computer needs somewhere else to put application data. It moves data 
that hasn’t been used recently to a location on secondary storage (p.8) known as virtual memory. 

3) Virtual memory may be needed if there are too many applications open at once, 
or if a particularly memory-intensive application is being used (or both). 

4) If the CPU needs to read data stored in virtual memory, it must move the data back to RAM. 
This is slow as data transfer rates are much slower on secondary storage than RAM. 

5) Using virtual memory can make a computer slow to respond when switching between 
applications (while data for one application in virtual memory is swapped with the other) 
or when using a memory-intensive application (due to data constantly moving between 
virtual memory and RAM just to keep the program running). 

1) ROM (‘Read Only Memory’) is non-volatile memory. 
As it says on the tin, it can only be read, not written to. 

2) ROM comes on a small, factory-made chip built into the motherboard. to a device. Embedded systems 
3) It contains all the instructions a computer needs to properly boot up. (p.1) are controlled by firmware. 

These instructions are called the BIOS (Basic Input Output System). 
4) As soon as the computer is powered on, the CPU reads the instructions from ROM. 

This tells the CPU to perform self checks and set up the computer, e.g. test the memory 
is working OK, see what hardware is present and copy the operating system into RAM. 

5) Although the CPU can only read ROM, it is possible to update (‘flash’) the BIOS on a ROM chip. 

The BIOS is a type of firmware — 

hardware-specific software built in 

ROM chips often use flash memory. This is a very common type of non-volatile memory 
that stores data in electrical circuits by trapping electrons. It’s used in SD cards, 
USB sticks and solid state drives (SSDs). There’s loads about flash devices on p.8. 

Get all this information stored on your brain’s non-volatile memory... 
RAM is where the computer puts everything it’s working on. Don’t confuse memory with secondary storage 
— if a computer has a 2 TB (see p.100) hard drive, that doesn’t mean it has 2 TB of memory. 

Section One — Components of a Computer System 



CPU and System Performance 

All sorts of things affect the speed of a computer system, but the biggest factors are usually to do with 
the hardware. Choice of CPU, RAM and GPU (see below) can all have big effects on performance. 

Clock speed 

e This is the number of instructions a single processor core can carry out per second (Hz). For most 
desktop computers, this will be somewhere around 3.5 GHz (3.5 billion instructions per second). 

e The higher the clock speed, the greater the number of instructions that can be carried out per second. 

¢ Some CPUs can be overclocked to make them run at a higher clock speed than the factory-set rate. 
But it’s risky if not done properly — it can make CPUs overheat, causing crashes or permanent 
damage to the system. High performance cooling systems (e.g. water cooling) are usually needed. 

Neimber of Cores It's not quite as simple as ‘doubling the 

number of cores doubles performance’. 
e Each core in a CPU can process data independently of the rest. | software needs to be designed to use multicore 
e The more cores a CPU has, the more instructions it can carry processing. And not all processing tasks can 

out at once, so the faster it can process a batch of data. be split evenly between cores — some steps 

¢ Most PCs and smartphones have 4 or more cores these days. will depend on others, meaning one core may 
end up waiting for another core to catch up. 

Cache Size 

e The cache (p.2) is data storage inside the CPU that’s much faster than RAM. 

e A larger CPU cache gives the CPU faster access to more data it needs to process. 

Generally speaking, CPUs with higher clock speeds, more cores or larger caches 
will have better performance, but will also be more expensive. 

1) Ifa computer has too little RAM it may run slowly due to the use of virtual memory (see previous page). 

2) The more RAM, the more applications or more memory-intensive 

applications it can smoothly run, making it faster overall. 

3) It’s easy to upgrade RAM on a PC or laptop — it’s just a matter of 
replacing the RAM sticks with higher capacity (or higher speed) ones. 

4) If the computer already has plenty of RAM to run everything the 
user wants, increasing RAM may make no difference to performance. RAM comes on sticks which plug 

into slots on the motherboard. 

reat Cooling fan 

1) GPUs (graphics processing units) are specialised circuits for 
handling graphics and image processing. They relieve the 
processing load on the CPU, freeing it to do other things. 

2) Computers have basic GPUs integrated onto Video Outputs 
the motherboard or the CPU. For better graphics 
performance, a dedicated GPU (graphics card) is often used. 

3) Using high-end graphics cards can greatly improve performance in 
graphics-intensive applications, e.g. PC gaming and design software. 

PCI interface slots 

into motherboard 

High-end hardware tends to be very expensive... 
There are other factors that affect CPU performance, but you don’t need to worry about them at GCSE. 
Using SSDs rather than traditional hard drives is another way to speed up a computer — more info on p.8. 

Section One — Components of a Computer System 
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Secondary Storage 

When you think of memory, you might think of USB sticks, CDs, hard drives, etc. — these are all types of 
‘secondary storage’. All that RAM and ROM stuff from p.6 was actually what we call ‘primary storage’. 

1s 

1) Primary storage refers to the memory areas that the CPU can access very quickly, 
like CPU registers, cache, ROM and RAM. Primary storage has the fastest read/write 
speeds and is mostly volatile (p.6). 

2) Secondary storage is non-volatile — it’s where all data (operating systems, There's also tertiary storage, 
applications and user files) are stored when not in use. It includes which is used for long term 
magnetic hard disk drives, solid state drives, CDs and SD cards. data storage (it's mainly used 
Read/write speeds are much slower compared to primary storage. for archives and back-ups of 

massive amounts of data). 

Disks are High-Capacit) 
Hard disk drives (HDDs) are the traditional internal storage in PCs and laptops. 

2) Ahard disk drive is made up of a stack of magnetised metal disks 
spinning at a rate of between 5400 and 15000 rpm (revolutions per minute). 

- sector 

3) Data is stored magnetically in small areas called sectors within circular tracks. Read/Write 
Read/write heads on a moving arm are used to access sectors on the disks. head 

4) Portable HDDs are popular for backing up and transporting large amounts of data. +H- Movable arm 

5) Despite their moving parts, HDDs are generally very long lasting and reliable, 
although they could be damaged by large impacts like being dropped. 

Solid State Drives (SSDs) are storage devices with no moving parts. Most of them use a type of 
flash memory (see p.6). SSDs are used for the same purpose as HDDs — for internal storage. 

) SSDs have significantly faster read/write times than HDDs. Using a SSD rather than traditional 
HDD can give much quicker times for booting up and opening programs and files. 

— ) 

N 

(Se) ) Hybrid drives exist which use solid state storage for the OS and programs, and a hard disk for data. 

& ) Like HDDs, portable SSDs can be used to back up and transport data. 

Other types of flash storage 

USB pen drives and memory cards (e.g. SD cards) are also flash-based, solid-state storage. 

They‘re much slower than SSDs and have a much shorter read/write life. 

They're used to expand the storage capacity of small devices like cameras, smartphones and tablets’ 
(which are too small for SSDs or HDDs). Their capacity is very high relative to their tiny size. 

Advantages of HDDs 

HDDs are cheaper. 

¢ Both are high capacity, but HDDs are higher. 

¢ HDDs have a longer read/write life than SSDs 
— SSDs can only be written a certain number 
of times before they begin to deteriorate. 

Advantages of SSDs 

SSDs are faster. 

¢ SSDs don’t need defragmenting (see p.15). 

¢ SSDs are more shock-proof than HDDs. 

e HDDs make some noise, SSDs are silent. 

Section One — Components of a Computer System 
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Secondary Storage 

1) Optical discs are things like CDs, DVDs and Blu-Ray™ discs. 

2) CDs can hold around 700 MB of data, DVDs can hold 

around 4.7 GB and Blu-Rays can hold around 25 GB. 

3) Optical discs come in three forms: Laser Dab pis pacie 

— read-only (e.g. CD-ROM / DVD-ROM / BD-ROM) Data is stored as microscopic indentations on the 

— write-once (e.g. CD-R / DVD-R / BD-R) shiny surface of the disc. Data is read by shining 

— rewritable (e.g. CD-RW / DVD-RW / BD-RW) a laser beam on the surface and detecting 

changes in the position of the reflected beam. 

4) Nowadays, their use is declining: 

e As Internet speeds have increased, streaming and download services 
like Netflix®, iTunes® and Steam® have removed the need for optical discs. 

e Modern devices like phones and tablets don’t have optical drives. 

e DVD-Rs and DVD-RWSs used to be popular for backing up data, but they 
can’t compete with flash storage devices due to their low capacity per disc, 
very slow read/write speeds and poor reliability of RW discs. 

5) They do have some advantages — they’re very cheap (per GB), portable, and 
won't be damaged by water or shocks (although they are easily scratched). 

yy % 

1) Magnetic tape has much greater storage capacity than HDDs. 

It also has an extremely low cost per GB. 

2) Magnetic tapes are often used by large organisations 
in archive libraries to store huge amounts of data. Magnetic tapes are most suitable 

3) It comes in plastic cassettes (containing reels of tape). (DU sinessestwnoide laige 
Cassettes require a special tape-drive for read/writing. frequent back-ups — see p.l. 

4) Tape is read/written sequentially, meaning it is read/written from the beginning to the end, 

or until it is stopped by the computer. This means tape is very slow when finding specific data 
stored on it, but has a fast read/write speed once it is in the correct place to begin reading/writing. 

Here’s a summary of the relative speeds, costs and capacities of all these different types of storage. 

Optical disc | Memory Card Magnetic Tape HDD SSD 

Slowest Average read/write speed Fastest 

Magnetic Tape Optical disc HDD Memory Card SsD 

Cheapest Average cost (per GB) Priciest 
ee ee *. = = = 

Optical disc Memory Card SssD HDD Magnetic Tape 

Lowest Average capacity Highest 
Danse ets ewe we 

@=—~\ Be sure to learn the pros and cons of all these types of storage... 
Be careful with your terminology. Storage media refers to the actual thing that holds the data, 

aE e.g. an optical disc. Storage devices read/write data to media, e.g. optical drives, or HDDs. 

Section One — Components of a Computer System 



Warm-Up and Worked Exam Questions ‘ 

Once you've got all the different memory and storage terms learnt, it’s time to have a go at some qu 

What is the difference between RAM and ROM? 

2) Explain what it means for a single-core processor to have “a clock speed of 3 GHz”. 

3) Name a type of secondary storage that: 
a) usually comes on a reel in a cassette b) stores data as little pits on its surface 
c) stores data on a stack of magnetic disks 

Give one advantage of storing data on a USB pen drive over an optical disk. 

Nigella runs a piece of software to analyse the performance of her computer. 

It recommends that she should install more RAM in her computer. 

a) State the purpose of RAM in a computer system. 

Shaun is on a skiing trip. Each night, he copies skiing videos to his laptop’s secondary storage. 

a) Give three characteristics to consider when choosing a suitable type 

of secondary storage for a computer system. You could also mention how quickly they 

transfer data, or how portable they are. 

b) Shaun uses a helmet-mounted action camera while skiing, which records onto a flash 

memory card. Give two reasons why this is a suitable storage type for an action camera. 

Flash storage is resistant to impacts, so is unlikely to be damaged 



3. Diana has bought a new laptop. The laptop contains 3 GB RAM and 128 GB secondary storage. 

a) Explain why secondary storage is needed in addition to RAM. 

b) Diana wants to back up the data on her laptop twice a week. 

Give two advantages and two disadvantages of storing her backup data on optical discs. 

Advantages: 1. 

Jackson is considering upgrading his PC. Will offers to sell his old CPU to Jackson. 

Will’s CPU is the same type as Jackson’s CPU but has a different specification. 

Jackson’s CPU Will’s CPU 

8 cores 4 cores 

6 MB cache 3 MB cache 

1.6 GHz clock speed 2.8 GHz clock speed 

a) Explain why using a CPU with a large cache capacity may increase CPU performance. 

There's no wrong answer, as long as your answer is properly justified. [4 marks] 

c) Jackson increases the RAM in his PC from 4 GB to 8 GB, but is disappointed to find no 

noticeable increase in his computer’s performance. Explain why this may be the case. 
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Systems Software — The OS 

Systems software is software designed to run and maintain a computer system. By far the most important 
one is the operating system (OS). There’s also utility software (see p.15), but that’s very much the runner up. 

MEVOM mUlivee(elitwe) m-lam Oh) 

Communicate with internal and external hardware 

via the device drivers (see below). 

Provide a user interface, allowing a user to interact 
with the computer (see p.13). 

Provide a platform for different applications to run 

(see p.13). 

Allow the computer to multi-task by controlling Applications 
memory resources and the CPU (see p.13). 

Deal with file management and disk management The words ‘application’ and ‘program’ can be used 

(see p.14). interchangeably to describe computer software. 

Manage the security of the system, 
e.g. through user accounts (see p.14). 

Operating systems use device driver software to communicate with 
internal hardware or peripherals connected to the computer system: 

e Every piece of hardware connected to the computer 
system requires a device driver. Drivers essentially act as 
a ‘translator’ for the signals between OS and hardware. 

(fi Installing device driver software * * 
Click here for status, 

e When a computer is booted up, the OS will choose 
the correct device drivers for the hardware it detects. 

If new hardware is connected to the computer, 
the system will install the new, matching driver. 

[ S Oviver Sofware Istlaton ceeds 

| Your device is ready to use 

¢ Device manufacturers may release updates to device 

drivers in order to fix bugs, add features or improve the 

performance of their hardware. Updates may be installed Some OSs will automatically 
automatically by the OS or manually by the user. find and install the drivers when 
essen you plug in a new device. 

A driver lets a computer speak to a mouse? If you say so... 
The OS is the boss of the computer system. It gives you a way to interact with your computer, controls 
hardware via drivers, and allows the computer to run applications and multi-task. There’s loads more to 
learn about the OS, so make sure you've got your head around everything on this page before moving on. 

Section One — Components of a Computer System 
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Systems Software — The OS 

One of the most recognisable functions of an OS is its user interface. It’s one of the first things you imagine 
when you think about a particular system. But there’s much more to an operating system than how it looks... 

1) A User Interface allows the user to interact with a computer system. 

2) Graphical User Interfaces (GUIs) are the most common type — they’re designed 
to be easy for everyday users by making them visual, interactive and intuitive. 

3) GUI systems are optimised for specific input methods. In the past, GUIs 
have been WIMP-based (using windows, icons, menus and pointers). 

Android™ and iOS® were created for touchscreen devices, ——=—=>[==p> 

using finger gestures like pinching and swiping in place of a mouse. 

4) A command-line interface is text based. 

The user enters specific commands to complete tasks. 
Command-line interfaces are less resource-heavy than GUIs. 

@iStock.com/valio84sl 

5) Command-line interfaces aren’t suitable for everyday users. But for 
advanced users, they can be far more efficient and powerful than a GUI. 

i } 3 You can swipe between screens or 
They can be used to automate processes using scripts (simple programs). 

tap an icon to open it on Android™. 

HES Administrator: CAWINDOWS\system32\cmd.exe =o @ & 

icrosoft Vindow 

rer avs 

1) Operating Systems provide a platform to run applications (by configuring hardware 
so they can use it, and giving access to the CPU and memory). 

2) Operating Systems that can run multiple applications at the same time are called multi-tasking OSs. 

3) The OS helps the CPU carry out multi-tasking by efficiently managing memory and CPU processing time: 

When an application is opened, the OS moves the necessary parts of the application 
to memory, followed by additional parts when they are required. The OS will decide if 
applications or features have been used recently — if not, they may be removed from memory. 

e Torun multiple applications, the OS needs to make sure that the applications don’t overwrite 
or interfere with each other. A memory manager allocates certain applications certain 
memory addresses, to make sure their processes are placed into separate locations. 

89 tit tt nr a eo ct es a 
It may seem like lots of programs 

are processed at the same time, but 

in reality the CPU switches between 
= each one extremely quickly. 
Zag WU UOT Wf lO DVT TP PTA 

When required, the OS organises the movement of data to and from virtual memory. 

¢ Only one application is processed by the CPU at a time, so the 
other processes must wait. The OS divides CPU time between 

open applications and may prioritise certain processes in order 
for instructions to be executed in the most efficient order. VIITti itty, JAW WAWLliNaa Dts 

REV cag) Take a look at a few different types of OS (e.g. desktop computer, smartphone, game console). 
WW What differences can you see between the GUIs? How have they been adapted to suit the device? 

wa Make sure you understand how multi-tasking works... | 
tsi 
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Systems Software — The OS 

It’s also the job of the OS to make sure that all your files are where they’re meant to be. 
So when you go looking for carKeys.txt or tvRemote.exe, they'll be right where you left them. 

1) Computers store data as files. Images, music, videos and spreadsheets are 
all just collections of data. File extensions (for example .jpg, .mp3, .mpeg) 
tell the computer which software should be used to open the file. 

2) The OS is responsible for file management — the organisation of data into a usable 
hierarchical structure. It also deals with the movement, editing and deletion of data. 

3) The hard disk is also managed by the OS. It splits the physical disk into storage sectors, decides 
which sectors to write data to, and keeps track of free space on the disk. Ideally, the data 
for a single file would be placed in adjacent sectors, but this isn’t always possible (see p.15). 

4) The OS may also include utility software to help it manage files and disks. 
File compression software can reduce the size of individual files Utility software can be used for loads 
and encryption software is used to secure the contents of files. of different things. For example, File 
Defragmentation software can help to organise and maintain the Exploremallows'users to navigate and 
hard disk by collecting all the free space together. edit the file structure or access their files. 

See p.15 for more about utilities. 

1) Operating Systems can be single-user or multi-user. 

¢ Single-user operating systems allow only one user to use the computer at once. 
Most common OSs, such as Windows 10® and OS X®, are single-user operating systems, 
even if the computer has multiple user accounts, or is connected to a network (see p.20). 

Multi-user OSs (e.g. UNIX server) allow several users to use the computer at the 
same time. They're often used on mainframes (huge supercomputers) and give many 
users simultaneous access. For example, ATMs allow thousands of people access to 
a large bank’s mainframe at the same time. 

2) The OS is also responsible for user account control. User accounts allow different 
users to be granted access to specific data or resources on a computer system. 

3) On most desktop operating systems each user has access to their own 
personal data and desktop, but cannot access other users’ personal data. 

4) Operating systems may have anti-theft measures to prevent other users from 
accessing locked devices or accounts to steal information. User accounts 
may be password, or pin protected. Some devices also require a user to draw 
a specific pattern on the screen, or have fingerprint or retina scanners. 

Zz, |wo people at one computer doesn’t count as a multi-user OS... 
Make sure you know the difference between multi-user and single-user OSs. A single user OS 

PT nay have multiple user accounts, but only a single person can use the computer at any one time. 

Section One — Components of a Computer System 
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Systems Software — Utilities 

Utility system software helps to maintain or configure a computer. Many useful utilities are installed 
with the operating system, but extra utility software can be installed to perform additional tasks. 

s put broken 
1) Files are stored on a hard disk in available spaces. Ideally, entire files would be stored together. 

2) However, as files are moved, deleted and change size, lots of small gaps begin to appear on the disk. 
When writing files to the disk, the OS splits files into smaller blocks to fill up the gaps. 

3) Over time, the disk becomes more and more fragmented. This makes reading and writing 
files slower as the read/write head has to move back and forth across the disk. 

4) Defragmentation software reorganises data on the hard drive to put fragmented files back together. 
It also moves files to collect all the free space together. This helps to prevent further fragmentation. 

Each colour is a file Gaps appear New file (grey) split into blocks. Blocks collected Gaps collected 
Ns [\— 

Data on HDD Files deleted New file added After defragmentation 

5) As SSDs use flash storage with no moving parts, fragmentation doesn’t cause them any problems 
— they can access data just as quickly however it’s arranged. In fact, as SSDs have a limited 
number of read/writes, defragmenting them can actually shorten their lifespan. 

1) A backup is a copy of a computer system’s files and settings stored externally. 
This means data can be recovered in the event of data loss. Data loss. can happen for many 
reasons: fire, theft, flood, malware, hardware failure, or even just accidentally deleting a file. 

2) A backup utility is software with facilities such as scheduling of regular backups, 
creating rescue disks, disk images, and options for full or incremental backups: To restore from 

full backups, only 

A full backup is where a copy is taken of every file on the system. They often use a lot the latest back-up 
of storage space. A full backup can take a long time to create, but is faster to restore from. is needed. 

Incremental backups are where only the files created or edited since the last backup are copied. 
They use less storage space and are much quicker to create. But, a full system restore is slow — 
the last full backup must be restored, followed by every incremental backup since that point. 

Compression software reduces the size of files so Encryption software scrambles 
they take up less disk space. It’s used loads on the (encrypts) data to stop third-parties 
Internet to make files quicker to download. Standard from accessing it. Encrypted data 
file formats include .zip and .rar. Compressed files can be decrypted using a special ‘key’. 
need to be extracted before they can be used. 

There's more about compression on p.113 and encryption on p.33. 

es \here are many more examples of utility software... | 
Remember, utilities are bits of software that help maintain your system. You need to know the four 
above, but it’s worth knowing some others for the exam, e.g. disk/registry cleaners, system restore, 

file managers, anti-virus / anti-spyware / firewalls, automatic updating, system diagnosis tools. 
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Open Source and Proprietary Software 

Generally speaking, open source software is free and proprietary software is paid for. 
But the proper definitions are to do with whether the licence lets you change and share the software. 

1) Open source software is software where the source code is made freely available. Source code is the actual 
Users may legally modify the source code to create their own spin-off software, programming code 
which can be shared under the same licence and terms as the original software. behind the software. 

It shows exactly how the 2) Well-known examples include Apache HTTP server (runs web servers), 
GIMP (image editing), Mozilla® Firefox® (web browser), and VLC media player. software was made. 

3) Linux is a hugely successful open source OS released in 1991. Hundreds of Linux-based OSs have been 
developed and shared over the years. The most popular include UBUNTU, Debian and Android™. 

4) Popular open-source software is always supported by a strong online community (forums of users 
sharing ideas and solving problems). Users actively help to improve software — anyone can play with 
the source code and suggest bug fixes and improvements to the original developers. 

Advantages of Open Source Software Disadvantages of Open Source Software 

e It is (usually) free. ¢ Small projects may not get regular updates... 
¢ Made for the greater good, not profit e ...and so could be buggy 
— it benefits everyone, encourages e ...or have unpatched security holes. 
ICUS Guns LUA Mins) IEE. ¢ There may be limited user documentation. 
Software can be adapted by users to fittheir needs.  . No warranties if something goes wrong 

e No customer support (although community 
forums will often make up for this). 

Wide pool of collaborators can be more 
creative and innovative than the programmers 
of one company. 
Banlanead liab| ; ¢ Companies using open-source code to make 
Splat somware Is very reliable ane secure — any custom software may not want competitors to problems are quickly solved by the community. 

see their source code, but they have no choice. 

Beet 
j PP Serer peltesicaie oo SCOTT, Compiled code is th 1) Proprietary software is software, usually paid for, where only the compiled code is i ae 7 

released. The source code is usually a closely-guarded secret. Proprietary software 
licenses restrict the modification, copying and redistribution of the software. 

final file (e.g. .exe file) 

that runs — it doesn't 
; tell you how the 

2) Businesses often use proprietary software instead of open source as it tends to have program was made. 
better customer support options. Companies producing proprietary software include 
Microsoft® (Office®, Windows®, Outlook®, etc.) and Adobe® (Photoshop®, Illustrator®, etc.). 

Advantages of Proprietary Software 

¢ Comes with warranties, documentation, 

Disadvantages of Proprietary Software 

¢ Can be expensive. 

and customer support. ¢ Software may not exactly fit a user’s needs, 
¢ Should be well-tested and reliable as the company’s and they can’t do anything about it. 

reputation depends on this. Fixes and updates will * Software companies may not maintain older 
come regularly (open source will vary more). software after warranties expire — they'll want 

e Usually cheaper for companies than developing people to buy their latest product. 
their own custom-built software. 

Learn the definitions of open source and proprietary software... 
... aS well as the pros and cons of each. Just talking about cost is unlikely to get you full marks in the exam. 

Section One — Components of a Computer System 



a7 

; Warm-Up and Worked Exam Questions 

. ~ You've made it to the end of Section One, and | think that calls for a bit of a celebration. But not before 

_ having a go at these questions — better get them out of the way while it’s all fresh in your mind... 
) 

Give one way in which an Operating System can help to secure a user’s data. 

What is the purpose of a ‘compression utility’? 

Put the following software 
into the table on the right: 

e Adobe® Photoshop® 

e Linux 

e Windows® Firewall 

e VLC Media Player 

¢ macOS® 

1 The operating system on Selina’s computer has an optional command line interface. 

a) Identify two benefits of using a command line interface instead of a GUI. 

POOR meee meme meee eee eee eee sees eee eee ese sees eM es sess PE eee eee EEE EEE EE HEE E HEH HEHEHE SETHE EHEEHH HEHEHE EEE EEETEEEEEEHEE EEE HEHEHE HEHEHE EEE E ES 

Seen eben e eee e eee eee eee eee sees esses eee sees esses ses eeseeE tees EE es F EHH EF HEHEHE EEHEEEEHE HEHEHE EEEHEEEEEEEESEEEEEEHEEE EEE EEH EEE EEEEEHEEE EEE SEES 

You could also mention scripts as a possible benefit. 

b) The operating system includes an encryption utility that can be used to encrypt folders 

and files. Explain one reason why Selina may use the encryption utility. 

Reem e ewe b ween were nana eee ee Sees esses este sess e sees eee EHH HH EEE EHH EEH EEE EEE SEES EME SE Ee EEE EEE EEE SES EEEH EEE HEE ESH EEE EEE SEEEEEEEEHEE HEHEHE EEE SEES 

Oe eee eee e meee eee eee eee eee eee esse et EEE EHH HEHE HEHEHE HEHEHE HEHEHE HEHEHE HEHEHE HEEHEEEEEH EEE EEHEEEEEEEEEE EEE EEEEEEEEEEEEEEEEEE HEHE EEE ES 

2 A marketing company has the same, paid-for, proprietary software on all of its computers. 

The software provides facilities for word processing, presentations, spreadsheets and databases. 

a) Describe what is meant by proprietary software. 

Proprietary software is software where only the compiled code is released. 
AER Ree eee eee eee EHH EEE HEH eee HEH HEHE OEE H EEE E OHHH EHH HEHE SEE BEHEEE HEHEHE HEE HEEHEEEEEEEEESEEEEEEEEEEHEEEHEEEEEE EEE HEHEHE HEHE SESE SESS 

Peer eeeEECUOCCCCeeOreCeeereeeeererrer ere errererrcrerrerrrur eee ee rere reer errr ereerrrrrererre rrr rere eee eee eee eee eee eee 

b) Give two advantages to the company of using proprietary software. 

The software is likely to include customer support. 
TERRE eee RHR H HEHE HEE HEE HEHE EET EEH EEE HEE HEE HEE EEEEEEEEEEEEEEEH EEE EEE SEES HEHEHE HEH HEHEHE HEHEHE HEEHEEE HEHEHE EES EEE HEHEHE HEHE EE EEE EEEES 

FERRE eee HTH HHH HEH HEHEHE EH HEHEHE HEH HEHEHE ESTES EEEHEEH EES EEH EEE EEE EES EEE HEEEEEHHEHHHEEHESHE EHH EEEHEHEHHHHHEHEEHHHH EEE OEH EE HEHEHE EEE EEE ES 

[2 marks] 
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Exam Questions 

3 loteck has created TV-PCs. TV-PCs plug into any TV-PC only £39.99! 

USB-compatible TV, and come packaged with a ry your TV into a PC val 
: wora processing, spreaasheets, 

selection of open source software. slidastowscatalas eae iene 

Includes portable projector-keyboard 

a) Describe what is meant by open source software. — type on any surfacel 

[2 marks] 

b) Explain one advantage and one disadvantage to Ioteck Try to relate your answers 

of using open source software on the TV-PCs. specifically to loteck's needs. 

Advantage: 

4 An accounting firm plans to introduce a new scheme for regularly backing up its data. 

a) Define what is meant by the following types of backup. 

Full backup: 

b) Describe a possible backup scheme for the firm that includes: 

* full backups * incremental backups 

* data compression * security measures 

Think about when they should take their backups, 

and what they should do with them afterwards. 

5 Josephine’s computer has a multi-tasking operating system. Explain how the 
operating system manages memory and CPU time to allow the computer to multi-task. 

[6 marks] 



Revision Questions for Section One 

Sometimes the first section is the easy one — but not this time. There’s lots to learn here, so: 

e Try these questions and tick off each one when you get it right. 

e¢ When you’ve done all the questions for a topic and are completely happy with it, tick off the topic. 

Computer Systems and the CPU (p.1-3) [. ] 

1 

2 

What is a computer? 

Define hardware and software. 

eS) What is a) an embedded system? b) a control system? 

AS Explain the role of the control unit in the CPU. 

HD WI What does ALU stand for and what does it do? 

What is cache memory and what is it used for? 

co ™ 

) 

) 

) 

) 

) Write down the names of three registers in the CPU. 

) 

) 

) Sketch a Von Neumann computer. 

) WO Describe what happens at each stage of the CPU fetch-decode-execute cycle. 

Memory and Computer Performance (p.6-7) [_ ] 

10) What is the difference between volatile and non-volatile memory? 

11) What does RAM stand for? Describe how RAM is used in a computer system. 

12) Could changing the amount of RAM affect the performance of the computer? 

Give reasons for your answer. 

Explain when and how virtual memory is used. 13) 

14) Explain why ROM is required by a computer system. 

15) Name three characteristics of a processor that may affect its performance. 

16) State three components that could be upgraded to speed up a computer system. 

Secondary Storage (p.8-9) [_ | 

17) Define primary and secondary storage. Give an example of each. 

18) List four uses of flash memory. 

19) List the advantages and disadvantages of HDDs and SSDs. 

20) Why might someone choose magnetic tape as a form of storage? 

21) What are the pros and cons of optical discs? 

) 22) Draw a diagram to summarise cost, speed and capacity for different types of secondary storage. 

Types of Software (p.12-16) [_] 
23) List six functions of an operating system. 

24) Explain how device drivers are used in a computer system. 

25) Briefly describe a GUI and a Command-line interface. 

26) Describe how the OS manages resources to allow multi-tasking. 

27) What is a multi-user OS? Give an example of where one might be used. 

29) Explain how defragmentation software works. 

30) What are incremental backups and how would they be used? 

SINAN sSSNEe ASN NSA 

) 

) 

28) List four types of utility software. 

) 

) 

) 31) List the advantages and disadvantages for open-source and proprietary software. 
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20 Section Two — Networks 

Networks — LANs and WANs 

When you connect a device to another one, you're creating a network — networks allow devices to share 
information and resources. Here we'll look at the two types of network you'll need to know for your exam. 

A LAN covers a small geographical area located on a single site. md, ) 

2) All the hardware for a LAN is owned by the organisation that uses it. 

3) LANs are either wired (e.g. with Ethernet cables) or wireless (using Wi-Fi®). 

4) You'll often find LANs in businesses, schools and universities. 

5) Lots of homes have a LAN to connect various devices, such as PCs, tablets, smart TVs and printers. 

e Sharing files is easier — network users can access the same files, 

work collaboratively on them (at the same time) and copy files between machines. 

You can share the same hardware (like printers) on a LAN. 

The Internet connection can be shared between every device connected to the LAN. 

You can install and update software on all computers at once, rather than one-by-one. 

You can communicate with LAN users cheaply and easily, e.g. with instant messaging. 

User accounts can be stored centrally, so users can log in from any device on the network. 
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2) AWAN connects LANs that are in different geographical locations. 
For example, a business with offices in three different countries 
would need a WAN for all their devices to connect together. 

3) Unlike a LAN, organisations hire infrastructure (e.g. communication lines) 
from telecommunications companies, who own and manage the WAN. 
This is because a WAN is much more expensive to set up than a LAN. 

4) WANs may be connected using fibre or copper telephone lines, satellite links or radio links. 

5) The Internet is actually one big WAN (see p.30). 

1) Bandwidth is the amount of data that can be transferred in a given time, 
e.g. 500 Mbps. The greater the bandwidth, the better the network can perform. 

2) Available bandwidth is shared between users of a network — too many users or 
heavy g. ing vi : You can limi! the bandwidth avalable to indvicual users to address this = Mes bandwith 

3) Wired connections are generally faster and more reliable than wireless. 
Fibre optic cables can give much better performance than copper cables (see p.21). 
Wireless performance depends on signal quality so is affected by the range of the device, the amount 
of interference from other devices and physical obstructions like thick walls in buildings (see p.22). 

4) Choice of hardware other than cables (see p.21) and network topology (see p.24) also have a big effect. 

Mbps stands for 

megabits per second, 

Don't LANguish at the bottom of the class — learn this page... 
Make sure you're absolutely clear about the differences between LANs and WANs before moving on. 
Remember, companies use their own cables for LANs but for WANs they almost always hire lines. 

Section Two — Networks 



21 

Networks — Hardware 

Connecting devices doesn’t magically happen. To create a network, you need certain pieces of hardware... 

1) A Network Interface Controller (NIC) is an internal piece of hardware that allows a device 
to connect to a network. These used to be on separate cards, but nowadays they're 
built into the motherboard. NICs exist for both wired and wireless connections. 

2) Switches connect devices ona LAN. Switches Aaepiaianichab 

receive data (in units called frames) from one Air tbat 

device and transmit this data to the device on the 

network with the correct MAC address (see p.27). 

3) Routers are responsible for transmitting data A typical office router. 

between networks — they’re always connected HT 
to at least two different networks. Ethernet port oe 

connects to LAN 
4) Routers have a crucial role on the Internet, 

directing data (in units called packets) 

to their destination — see p.28. ADSL port connects to the Internet 

5) Routers are used in homes and offices to connect the LAN to the Internet. 

Most home ‘routers’ are in fact a router, switch and WAP (see p.22) all-in-one. 

1) Ethernet cables are used to connect devices in a LAN. 

The most common Ethernet cables are CAT 5e and CAT 6. 

They are ‘twisted pair’ cables, containing four pairs 
of copper wires which are twisted together to reduce 
internal interference. CAT 6 cable 

Twisted pair of 

copper wires 

Insulation Copper wire 

: 
2) Coaxial cables are made of a single copper wire surrounded 

by a plastic layer for insulation and a metallic mesh 
which provides shielding from outside interference. 

Metallic mesh ase 

Coaxial cable 

3) Fibre optic cables transmit data as light. 
They are high performance (and therefore expensive) cables 
— they don’t suffer interference and can transmit over 
very large distances without loss of signal quality. 

Fibre optic cable 

Hardware — nothing to do with concrete jackets... 
Make sure you understand how switches and routers are different — it might take a while to click. 
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Wireless Networks 

If you don’t like the sound of all those cables, don’t worry — you can throw them all away and use 
wireless networking instead. You'll still have to learn about both of them for the exam though, I’m afraid. 

1) Like mobile phones and TVs, wireless networks use radio waves to transmit data. 

2) To set up a wireless network, you need a Wireless Access Point (WAP) device. 
The WAP is basically a switch that allows devices to connect wirelessly. 

3) Don’t confuse WAPs with hotspots — locations where you can connect to a WAP. 

4) To connect, devices need wireless capability. 
Many modern devices have the necessary hardware 
built in, but devices that don’t can often still 

connect to a wireless network using a dongle. 

e USB dongles can be plugged into computers to 
allow them to connect wirelessly to the internet. 

e HDMI dongles can use wireless networks 

Dongles come in all shapes and sizes to stream high-quality video to a TV. 

(although most of them are roughly 

the same shape and size). 

1) Wi-Fi® uses two radio ee inet —2.4 GHz ane 5 GHz. 

2) The bands are split into numbered channels eiaktante 
that each cover a small frequency range. heer 3. pee tee Seen 
The channels in the 2.4 GHz band overlap. aa 

3) Wi-Fi® performance is affected by interference 
between networks using adjacent channels. 
To avoid problems, only certain channels 2.4 GHz 2.42 GHz 2.44 GHz 

that are spaced apart tend to be used. It's important that data is encrypted (see p.33) on 

4) The frequency band that a network uses Wi-Fi® networks. The security protocols for this are 

can also affect the Wi-Fi® performance: WPA™ (Wi-Fi® Protected Access) and WPA2™. 

Advantages of 2.4 GHz Advantages of 5 GHz 

¢ Much faster when communicating + 

over a short distance. re 
ait: ¥ on 

¢ There are more non-overlapping channels, so there's 
less chance of interference from other devices. | 

e Has a greater range, so can serve 

devices across a wider area. 

¢ Better at getting through 
solid objects/walls. 

Remember, Wi-Fi® is a separate thing from the Internet... 
Wi-Fi® allows a device to wirelessly connect to a network with a WAP — that network would 
then need to be connected to a router in order for the device to be able to access the Internet. 
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Client-server and Peer-to-Peer Networks 

Don’t think we're finished with networks yet — we've barely started. If you want to set up a network, you 
need to decide what form the network is going to take — and whether you’re going to need a server or not. 

1) Aclient-server network is managed by a server. 
The devices connected to the server are clients. 

2) Files and software are usually stored centrally Client 
on the server rather than on individual client devices. 

3) Clients send requests to the server, e.g. asking for data. 
The server processes the request and responds. 
This is the client-server relationship. 

4) The server stores user profiles, passwords and access information 

— it may request a password before fulfilling certain requests or 
deny requests to users without the right access level. 

5) Most uses of the Internet work on a client-server relationship. E.g. websites are hosted on web servers. 
Web browsers are client programs which send requests to web servers. Web servers fulfil requests 
(e.g. by sending web pages) for thousands (or hundreds of thousands) of clients. 

“Company 

"Got a password 

for that?" 

Client 
Server 

Client Client 

Easier to keep track of files as they are stored centrally. | | ¢ Expensive to set up and needs IT specialists 
Easier to perform back-ups. to maintain the network and server. 

Easier to install and update software. * Server dependence — if the server goes 
; wn all clients lose access to their work. 

Easier to manage network security (e.g. anti-malware down all clients : x 
software and user access levels). e The server may become overloaded if too 

. many clients are accessing it at once. Servers are very reliable and are always on. z. 8 

1) In Peer-to-Peer (P2P) networks all devices are equal, connecting directly to each other without a server. 

2) You store files on individual devices and share them with others. 

3) You may use a P2P network at home to share files between devices, or connect devices to a printer. 

e Easy to maintain — you don’t need any expertise or expensive hardware. 

e No dependence on server — if one device fails the whole network isn’t lost. 

agement — devices need their updates and 
security installed individually. Backups are also more complicated. 

* Copying files between devices creates duplicate files — it’s easy to 
lose track of what's stored where and which files are up-to-date. 

e Peer machines are less reliable and data may be lost if one fails. 

¢ Machines are prone to slow down when other devices access them. 

Although most Internet use is client-server based, there are some common P2P applications such as video 
calling (like Skype™) and file sharing (sadly this is often used for illegal sharing of copyrighted material). 

Luckily, these networks are exactly what their names suggest... 
Look into whether the network at home or school is client-server or peer-to-peer. Draw a diagram 
showing the devices and how they’re connected (you can simplify it if there are a lot of devices). 
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Network Topologies 

A topology is essentially the layout of the network. Networks can be arranged in lots of different 
topologies, but star and mesh are the two important ones you'll need to know for the exam. 

The central switch allows many devices 
to access the server simultaneously. 

Star networks may be wired or wireless. 

e If a device fails or a cable is disconnected, e In wired networks, every device 

the rest of the network is unaffected. needs a cable to connect to the 

e It’s simple to add more devices to the network. central switch or server. This can be 
expensive, e.g. for an office building e perf nce than other setups — data goes ; : 

Better pertormance . 8 with 50 terminals. straight to the central device so all devices can . 
transmit data at once (unlike ring network) and * If there is a problem with the switch/ 
there are few data collisions (unlike bus network). server, the whole network is affected. 

It’s worth taking a quick look at some traditional network setups for comparison with star networks: 

Backbone cable 

BUS RING 
ae creer a 

Terminator 

In a bus topology, all devices are arranged in In a ring topology, data moves in one direction 

a line, connected to a single backbone cable. around the ring, preventing collisions. But only 

Devices send data in both directions. This one device can send data at a time and data passes 

causes data collisions, which slows the network. through many devices before reaching its destination. 

networking devices are either directly or indirectly connected to every other one 
without the need for one central switch or server. Mesh networks work by sending 
data along the fastest route from one device to another. 

2) The main advantage of a mesh topology is that there is no single point where the 
network can fail. If the central switch or server of a star network fails then the 
whole network fails — in a mesh network, if one device fails then the data is sent Full mesh topology 
along a different route to get to its target. 

3) The traditional problem with mesh networks has been that they were very expensive 
— you needed a lot of wire to connect so many devices together. But now more 
people are using wireless technology, mesh networks are a more practical option. 

4) A full mesh topology is where every device is connected to every other device. Partial mesh topology 
In a partial mesh topology, not all devices are fully-connected. 

| tried to set up a star network, but it all ended up a bit of a mesh... 
Don't let all this stuff about different types of network confuse you — remember, these diagrams are about 
the layout of a network, while the client-server/P2P diagrams showed the roles of the devices on the network. 
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Warm-Up and Worked Exam Questions 

that you know what networks are made of and what they look like, test yourself against 
questions. If anything catches you out, just have another read over it until you’re happy. 

! ) State one piece of hardware needed in order to set up a LAN. | 

. 2) Briefly explain the relationship between client and server in a client-server network. 

3) Give one type of software that uses a P2P connection across the Internet. 

) Complete the table showing different network topologies by correctly filling in the white cells: 

————————— 

| 
| 

i 

: 
‘, 

| 
} ‘ 

‘ } 

Switch 
; 4 

| 

| 

In an office there are six computers, a scanner and a router connected together 

in a Local Area Network (LAN). 

a) Define the term Local Area Network (LAN). 

tee ewww ewer weer eee e eres sees eee sees eee ees HH see Heese see H ee eee e see ese esses eeesesssesses esses es sry eeu sess Se eesEE EEE HHHEEE EEE EEE EEE OHHH EEE Ee 

POOR e eee eee eee ee eee eee eee eee eee base eee Hee HEHEHE SEED SESE HEHEHE HEE EEE EEEEEEHEEHHHEHEE HEE EEEHEEHEEH EHH ESE EEE EEEEEES EET EEHEEEEEE HEHE EEE EE EES 

Seer e wee eee Dames eee eee eee eee eee eH EEE HEHEHE HEE H HEHEHE ESET HEHE EEE eH es eee st sHE tHE HHH HEEHEEHEEEHEHHEEEEE SEES EEE EEEEEHEEE EEE EEEEEEH HEHEHE SEES 

TARR eRe HEHEHE HEHEHE HE EE EHH EH HEE E REESE EEE H EEE EH HEHEHE EEE EHH HEH HEHEHE HEE EEEEEEEEEEEEHEEEEEEEESH EEE HEHEHE E EEE EEE HEHE HEED 

[3 marks] They can also share files more easily, communicate with instant messaging and store user accounts centrally. 
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Exam Questions 

2 Jane connects her laptop to her home LAN using a home router. 

a) Jane can connect her laptop to the router using either Ethernet or Wi-Fi®. 

State how an Ethernet connection is different to a Wi-Fi® connection. 

[1 mark] 

b) Jane’s home router functions as a switch, router and Wireless Access Point (WAP) all in one. 

State the function of each of these devices. 

Switch: 

Router: 

Explain one advantage and one disadvantage of mesh topologies compared to star topologies. 

Advantages .oocgccisscteoscqgeseestercnnggosteescaverege scar eemenngtt cehetcs lates ne ater ttt St ete 

The staff at a graphic design company work together by sharing files between their computers, 

which are connected together in a Peer-to-Peer (P2P) network. An IT consultant suggests the 

company should adopt a Client-Server network setup. 

a) Describe what is meant by Peer-to-Peer and Client-Server networks. 

Peer-t0-PCie p05 cca aboeceaseesad sobs gctbeens cgeeee eee cceshee hele et 5, 

Identify two benefits and two drawbacks of changing from a Peer-to-Peer (P2P) network 

to a Client-Server network. 

Berefits: 1. ..scciscocscezstee concareietonis tetcccrecuecccastreces cette enero ett ee 
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Moving data on a network is like going on a car journey — you need a destination, something to tell you how 
to get there, and rules to stop you crashing into anyone else on the road. That’s where protocols come in. 

a 

1) A protocol is a set of rules for how devices communicate and how data is transmitted across a network. 

2) Protocols cover how communication between two devices should start and end, 

how the data should be organised, and what the devices should do if data goes missing. 
See p.29 for more on the different types of protocol. 

1) Every device needs a unique identifier so it can be found on a network. 

2) MAC addresses are assigned to all network-enabled devices by the manufacturer. 
They are unique to the device and cannot be changed. 

3) MAC addresses are 48 or 64-bit binary numbers (i.e. a long string of 48 or 64 Os and 1s). 
To make them easier to use they’re converted into hexadecimal. 

10011000 10000001 01010101 11001101 11110010 00101111 98-81-55-CD-F2-2F 

This binary MAC address is translated into six hexadecimal numbers. See p106-107 for more on 

binary to hex conversion. 
4) MAC addresses are mainly used by the Ethernet protocol on LANs. 

LAN switches read the MAC addresses and use them to direct data to the right device. 

1) IP addresses are used when sending data between TCP/IP networks (see p.28-29) e.g. over the Internet. 

2) Unlike MAC addresses, IP addresses aren’t linked to hardware. They are assigned 
either manually (static) or automatically (dynamic) before the device can access the network. 

3) Static IP addresses are permanent addresses. They’re used to connect printers on a LAN, and for 
hosting websites on the Internet — companies don’t want the IP address of their website changing. 
Static IP addresses on the Internet can be very expensive — businesses pay big money for them. 

4) Dynamic IP addresses are assigned when a device logs on to a network, meaning that 
it may have a different address every time it connects. Internet Service Providers (ISPs) 
commonly use dynamic IP addresses as they are more cost effective and can be reused. 

5) An IP address can either be a 32-bit or 128-bit binary number, depending on the version of IP 
you're using. The longer 128-bit numbers are translated into eight hexadecimal numbers, 
while the 32-bit ones are converted into four denary numbers, like in the example below. 

00100101.10011001.00111110.10001000 37.153.62.136 See p.103 for more on 

binary to denary conversion. 
This 32-bit binary IP address is translated into four denary numbers. 

| hope this useful tIP addresses any confusion you have... 
You'll find out lots more about TCP/IP and its uses on page 29. But for now, just remember: 
MAC addresses are wired into devices’ hardware and are used to communicate within networks. 
IP addresses are assigned to devices and are used for communication between networks. 
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Quick recap: inside a LAN (Ethernet), data is sent in frames and directed by switches using MAC addresses. 

Between networks (e.g. over the Internet), data is sent in packets and directed by routers using IP addresses. 

1) Data sent between networks (e.g. on the Internet using TCP/IP) is split into equal-sized packets. 

2) Every data packet has a header — this contains the control information. The control information 

is like the envelope of a letter — it includes the packet's destination address (where it’s 

going), the source address (where it’s come from) and the packet number (see below). 

3) The data packet's payload is like the letter inside the envelope — it’s the thing a person 

is likely to read, and the whole reason the data packet has been sent in the first place. 
The payload might be part of an email, document, web page or streamed video. 

4) Packets are also likely to include a checksum number — a form of validation used to 
check that the payload data hasn’t been corrupted during transit. The sending and 
receiving devices both calculate a checksum value by performing a function on the 
payload data. If the values match then the data has been received correctly. 

2 

Packet switching is used by routers to direct data packets on the Internet and other IP networks. 

1) The sending device splits the data into packets to be sent across the network. 
Each packet is given a packet number to show the order of the data. 

2) Each router reads the packet header 
eis Router Router Router : 7 

bas am - f™ and decides which way to send the packet 
Ex 6) next, according to the IP rules. 

Ral aw 3) The way the data is sent changes depending on 
Data network traffic so the packets can take different 

packets routes. If a router receives too many packets at 
once, it may prioritise some over others. 

Data Data 
packets packets 

Sx 
524 Se 

4) As the packets take different routes, they can arrive in the wrong Pine 
The receiving device uses the packet numbers to reassemble them in the right order. 

5) Sometimes packets go missing in transit, so the receiving device checks periodically 
that all packets have been received. If it hasn’t received them within a certain time, 

it sends a timeout message back to the sending device. 

Router 

Router 

6) If all the data is received and the checksums match, a receipt confirmation is sent to the sending device. 

Packet switching is an efficient use of the network because there are so many possible routes 
that data can take — packets can reach their receiving device even if there’s heavy traffic. 

je. \hey sent me the wrong router — the packets were switched... 
You need to be a packet switching master for the exam — keep going over the sequence until 
it sticks, and sketch the diagram if it’ll help you revise. Questions can ask about any part of the 
process, so make sure you know how packets are sent and received, and what happens on the way. 

Section Two — Networks 



29 

(aa 0) ae ed molmelere) (5 

This is where we get to the protocols themselves, so it’s no surprise that there’s a lot of information here. 

1) TCP/IP is the protocol which dictates how data is sent between networks. It’s made up of two protocols. 

2) Transmission Control Protocol (TCP) sets the rules for how devices connect on the network. It’s in charge 
of splitting the data into packets and reassembling the packets back into the original data once they 
reach the receiving device. It’s also responsible for checking the data is correctly sent and delivered. 

3) Internet Protocol (IP) is responsible for packet switching. 

4) Several other protocols build upon TCP/IP to do specific Internet-based tasks: 

Protocol Stands for... What is it used for? 

HTTP Hyper Text Transfer Protocol | Used by web browsers to access websites and communicate with web servers. 

HTTPS | HTTP Secure A more secure version of HTTP. Encrypts all information sent and received. 

FTP File Transfer Protocol Used to access, edit and move files between devices on a network, 

e.g. to access files on a server from a client computer. 

POP3 Post Office Protocol Used to retrieve emails from a server. The server holds the email until you 
— version 3 download it, at which point it is deleted from the server. 

IMAP Internet Message Access Used to retrieve emails from a server. The server holds the email until you 
Protocol delete it — you only download a copy. Used by most web-based email clients. 

SMTP | Simple Mail Transfer Protocol | Used to send emails. Also used to transfer emails between servers. 

1) A layer is a group of protocols which have similar functions. Data can only be passed between 

2) Layers are self-contained — protocols in each layer do their adjacent layers. Eg. Layer 2 can pass 
job without needing to know what's happening in the other layers. data to Layers 1 and 3 but Layer 1 

3) Each layer serves the layer above it — it does the hidden work A AA gle is a Ge 
needed for an action on the layer above. E.g. when you send an email (on layer 4), 
this triggers actions in layer 3, which triggers actions in layer 2, all the way down to layer 1. 

Layer Name Protocols in this layer cover... Protocol examples 

- Application Layer 

Layer 3 — Controlling data flow — e.g. splitting data into packets and checking TCP 

Transport Layer | packets are correctly sent and delivered. 

Layer 2 — Making connections between networks, directing data packets and 

Network Layer | handling traffic. Used by routers. 

Layer 1— Data _ | Passing data over the physical network. Responsible for how bits are rhetet 
Link Layer sent as electrical signals over cables, wireless and other hardware. 

Advantages of Using Layers 

a5 ae Turning data into websites and other applications and vice versa. HTTP, FTP, SMTP 

¢ It breaks network communication into manageable pieces. This helps developers 

concentrate on only one area of the network without having to worry about the others. 

e As layers are self-contained, they can be changed without the other layers being affected. 

¢ Having set rules for each layer forces companies to make compatible, universal hardware and 

software, so different brands will work with each other and always work in basically the same way. 

Lots of layers to learn — and plenty of protocols to ponder too... 
Make sure you know what the TCP/IP protocol is all about, as well as all the other protocols on this page. 
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Networks — The Internet 

The Internet is so much a part of everyday life, it’s easy to forget that it’s actually just a really big network. 

1) The Internet is a network of networks — it’s a WAN which connects devices and networks 

from all over the world. It’s based around the protocol TCP/IP. 

2) The World Wide Web (WWW) is a collection of websites that are 
hosted on web servers and accessed through the http protocol. 

3) URLs are addresses used to access web servers and resources on them. 

URL: https://www.cgpbooks.co.uk/student/books_gcse_cs 
a 

HTTPS is the protocol The domain name of the website. Path to the specific file or page. 

used (see page 29). This ts linked to an IP address. May also contain a query for the web server. 

4) A Domain Name Server (DNS) translates a website’s domain name into its IP address. 
The Internet has a network of Domain Name Servers, meaning you don’t need to 
remember IP addresses to access websites — you can use domain names instead. 

1) Hosting is when a business uses its servers to store files of another organisation. 

2) The traditional use for this on the Internet is the hosting of websites. 

3) A relatively recent use of Internet hosting is for general storage of user files and also providing 
online software — this is cloud computing, or simply ‘the cloud’. It acts like an extension of 
a traditional client-server network where user files are stored centrally on a network server. 

e Users can access files from any connected device. 

e Easy to increase how much storage is available 

e No need to buy expensive hardware to store data. 
¢ No need to pay IT staff to manage the hardware. 

¢ Cloud host provides security and back ups for you. 
¢ Cloud software will be updated automatically. 

Need connection to the Internet to access files. 

Dependent on host for security and back-ups. 

Data in the cloud can be vulnerable to hackers. 

Unclear who has ownership over cloud data. 
Subscription fees for using cloud storage Bt 
and software may be expensive. 

1) A virtual network is a network that is entirely software-based. Virtual networks are created 
by partitioning off some of a physical network’s bandwidth to form a separate network. 

2) Several virtual networks can exist on the same physical network. These networks all share the same 
hardware, making virtual networks more efficient than standard physical networks. 

3) Each virtual network has its own security, including its own firewall. This means virtual networks can 
only be accessed by using certain software or login information — other people could be using the 
same physical network and not have access to the virtual network, or even know that it exists. 

4) AVirtual Private Network (VPN) is a type of virtual network that can be used to send data securely over 
a large network, like a WAN or the Internet. E.g. a VPN can be used to send data securely between two 
offices on different sites, or to set up a school intranet that all the students can access from home. 

5) AVirtual LAN allows you to split a LAN into several separate networks using the same hardware. 

Mee Learn the difference between the Internet and the WWW... 
Don’t make the mistake of thinking the WWW and the Internet are the same. The Internet is the 

WZ network behind the WWW, but it also has many other uses, e.g. email, FTP and instant messaging. 
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Network Security Threats 

Networks are great for lots of reasons, but they can also be very vulnerable to attacks by criminals. 
Hackers can be very imaginative when it comes to attacking and stealing data stored on networks. 

1) A passive attack is where someone monitors data travelling on a network 
and intercepts any sensitive information they find. They use 
network-monitoring hardware and software such as packet sniffers. 
Passive attacks are hard to detect as the hacker is quietly listening. 
The best defence against passive attacks is data encryption (see p.33). 

2) An active attack is when someone attacks a network with malware (see below) or other planned attacks. 
They are more easily detected. The main defence against them is a firewall (see p.33). 

Government agencies sometimes 

use data interception for 

cyber-security purposes — this 

is called Lawful Interception. 

3) In an insider attack someone within an organisation exploits their network access to steal information. 

4) A brute force attack is a type of active attack used to gain information by cracking passwords through 
trial and error. Brute force attacks use automated software to produce hundreds of likely password 
combinations, e.g. combining real words with predictable number sequences. Hackers may try lots 
of passwords against one username or vice versa. Simple measures like locking accounts after a certain 
number of failed attempts and using strong passwords will reduce the risk of a brute force attack. 

5) A denial-of-service attack (DoS) is where a hacker tries to stop users from accessing a part 
of a network or website. Most DoS attacks involve flooding the network with useless traffic, 

making the network extremely slow or completely inaccessible. 

1) Malware (malicious software) is installed on someone's device without their knowledge or consent. 

2) Typical actions of malware include: 

Deleting or modifying files. 

Scareware — e.g. it tells the user their computer is infected with loads of viruses 
to scare them into following malicious links or paying for problems to be fixed. 

Locking files — ransomware encrypts all the files on a computer. The user receives 
a message demanding a large sum of money be paid in exchange for a decryption key. 

Spyware — secretly monitors user actions, e.g. key presses, and sends info to the hacker. 

Rootkits alter permissions, giving malware and hackers administrator-level access to devices. 

Opening backdoors — holes in someone’s security which can be used for future attacks. 

3) Malware can access your device in different ways. 

e Viruses attach (by copying themselves) to certain files, e.g. .exe files and autorun scripts. 
Users spread them by copying infected files and activate them by opening infected files. 

e Worms are like viruses but they self-replicate without any user help, meaning they can 
spread very quickly. They exploit weaknesses in network security. 

¢ Trojans are malware disguised as legitimate software. Unlike viruses and worms, Trojans 
don’t replicate themselves — users install them not realising they have a hidden purpose. 

There is more than one way to attack a network... 
You don’t need to know every single type of malware out there, but learning all of the examples here will 
give you a great overview of how malware gets in to a system, and the damage it can do once it’s there. 
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Network Security Threats 

Often, security threats arise because organisations fail to secure their network properly — they might forget 
to encrypt their data or use bad code. Other instances are a result of hackers manipulating employees. 

1) Social engineering is a way of gaining sensitive information or illegal access to networks by 
influencing people, usually the employees of large companies. 

2) Acommon form of social engineering takes place over the telephone — someone rings up an employee 
of a company and pretends to be a network administrator or somebody else within the organisation. 
The social engineer gains the employee's trust and persuades them to disclose confidential information 
— this might be personal (e.g. their login details) or sensitive company data. 

3) Another type of social engineering is phishing. Phishing is when criminals send emails or texts to 
people claiming to be from a well-known business, e.g. a bank or online retailer. The emails often 
contain links to spoof versions of the company’s website. They then request that the user update their 
personal information (e.g. password or bank account details). When the user inputs this data into the 
website they hand it all over to the criminals, who can then access their genuine account. 

4) Phishing emails are often sent to thousands of people, in the hope that someone will read the email 
and believe its content is legitimate. 

5) Many email programs, browsers and firewalls have anti-phishing features that will reduce the number 
of phishing emails received. There are often giveaways that you can spot, e.g. poor grammar. 
Emails asking users to follow links or update personal details should always be treated with caution. 

a > 
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1) Networks which make use of databases are vulnerable to SOL injection attacks. 

2) SQL stands for Structured Query Language — it’s one of the main coding languages 
used to access information in databases — see p.80 for more about it. 

3) SQL injections are pieces of SQL typed into a website's input box which then reveal sensitive information. 

4) A website may allow you to view your account information, as long as you enter your 
password into an input box. If the website’s SQL code does not have strong enough 
input validation, then someone may be able to enter a piece of SQL code which 
allows them to access other people’s account information as well as their own. 

For example, to access an online retail account you may need to put in a PIN number. 
When you put in your PIN number, 12345, the website’s SOL code may be executed like this: 

¢ SELECT name, address, account number WHERE pin = 12345 

¢ However, this SQL code does not have strong validation because it doesn’t specify that the PIN 
value has to be numerical. This can be exploited by entering the code “12345 OR 1=1”. 
This code is an SQL injection. Now the SQL query looks like this instead... 

e SELECT name, address, account number WHERE pin = 12345 OR 1=1 

° 11 is always true in SQL, so rather than just showing your details, the website instead shows 
the details of everyone on the website's database. 

5) If a website’s SQL code is insecure, this can be an easy way for hackers to get past a website's firewall. 

No amount of security software can protect against human error... 
The best way to prevent social engineering in the workplace is to make employees aware of the dangers 
— this should be part of a company’s network policy, which you'll find more about on the next page. 
The bottom line is: don’t give away any details unless you’re sure of who you're giving them to. 

Section Two — Networks 
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Network Security Threats 

Organisations use a network policy to protect themselves. A network policy is a set of rules and procedures 
the organisation will follow to ensure their network is protected against attacks and unauthorised access. 

A good network policy will... 

Regularly test the network to find and fix security weaknesses and investigate any problems. 

Use passwords to prevent unauthorised people from accessing the network. 

Enforce user access levels to limit the number of people with access to sensitive information. 

Install anti-malware and firewall software to prevent and destroy malicious software attacks. 

Encrypt sensitive data. 

Penetration testing (or pentesting) is when organisations employ specialists 
to simulate potential attacks on their network. 

Pentesting is used to identify possible weaknesses in a network’s security 
by trying to exploit them. The results of the pentest are then reported back. Penetration 

e Network forensics are investigations undertaken to find the cause of 
attacks on a network. To conduct network forensics, an organisation needs 

to have a system of capturing data packets as they enter their network. 

e After the network is attacked, these packets can be analysed to discover 

how the network was attacked and decide how to prevent future attacks. 
Network melas iies 

Passwords help prevent unauthorised users accessing the network. 

Passwords should be strong — they should be many characters 
long, use a combination of letters, numbers and symbols — 
and be changed regularly. Passwords 

User access levels control which parts of the network different groups of users can access. 

E.g. business managers are likely to have a higher access level allowing them to access 
more sensitive data, like pay information. They may also have write access to files that 
others can only read and the ability to change employees’ access levels. 

User access levels help limit the number of people with access to important data, 
so help prevent insider attacks on the network (see p.31). 

User Access 

e Anti-malware software is designed to find and stop malware from damaging a network 

and the devices on it. There are lots of different types of anti-malware software, 
including antivirus programs which isolate and destroy computer viruses. 

¢ Companies use firewalls to block unauthorised access. Firewalls examine all data 
entering and leaving the network and block any potential threats. 

e Encryption is when data is translated into a code which only someone 
with the correct key can access, meaning unauthorised users cannot read it. 

e Encrypted text is called cipher text, while non-encrypted data is called plain text. 

¢ Encryption is essential for sending data over a network securely. Encryption 

Learn these pages and your exam grade should be fairly secure... 
Try and find a recent news article about a network attack. Identify the type of attack/malware 
used. See if you can find out how the attack was carried out and suggest some ways that it may 
have been prevented. Then try and get over the inevitable fear of ever using the Internet again... 

Section Two — Networks 
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That’s another Section down. There are lots of little things to remember, like the different protocols and 
™ 
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types of malware, so go over them until they’re secure in your mind. Then have a go at some questions. 

ot are a | Warm-Up Questions _ aad a 
1) Complete the table showing the names and functions of various network protocols: 

Responsible for packet switching 

A more secure version of HTTP. 

Used to retrieve emails from a server. The user downloads a copy of the 
email and the server holds the original email until the user deletes it. 

Used to retrieve emails from a server. The server holds the email until 
the user downloads it, at which point the server deletes it. 

2) Name the type of malware that: 
disguises itself as legitimate software. 
alters permissions and access levels on the user’s device. 
spreads by self-replicating without any user help. 
encrypts the data on the user's device, making them pay money to the hacker 
in exchange for the key to decrypt it. 

Hannah often receives fake emails claiming to be from well-known banks and other organisations. 

a) State the name given to the practice of sending fake or spoof emails. 

c) Hannah also receives suspicious emails that contain attachments, sometimes from names 

in her own contacts list. Explain the dangers of opening untrusted email attachments. 



2 The Internet offers access to a variety of services, including the World Wide Web. 

a) Explain the difference between the Internet and the World Wide Web. 

Mahindar sends an email from his smartphone to Holly, who receives it on her laptop. 

a) Explain why Mahindar and Holly’s devices need IP addresses to connect to the Internet. 

b) Mahindar’s email is split into packets and sent over the network using packet switching. 

Outline what would happen if one of the packets got lost in transit. 
vd, 
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Start by thinking about how Holly's laptop would {3 marks] 

find out that one of the packets was missing. 

Kate is a network administrator at a secondary school. She has put measures in place 

to prevent attacks on the school’s network, including having different user access levels. 

a) Explain why the school’s network needs to have different user access levels. 

[3 marks] 

b) A hacker recently broke through the school’s network security using a brute force attack. 

i) Explain what is meant by a brute force attack. 
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Sally works in an office. Her computer has a MAC address, 

which helps Sally to access files from the company’s server. 

a) Describe what is meant by a MAC address. 

RRR Ree eee eee HH E EEE EE HEHEHE HEHEHE E HEHE HEHEHE ESE H HEHE HEHEHE EEHEEHEE HEHEHE EE EEE EEE EE EEE EEE ESEEEEEE HEHEHE EEEEE EEE EEHEE EEE EEEESEEEES 

RRR eee eee HERE EEE EEE EEE EEE EEH EEE EEE HEHEHE EEHES EEE EEEEEEEE HEHEHE EEHESHEEEEEESHEE HEHEHE EEEEEEEEEE EEE EEHEEEEEEEEEEEEEEEEEE EEE EE EEE EEEES 

[2 marks] 

b) The network managers at Sally’s company work with layers of network protocols. 

i) Describe what is meant by a layer of network protocols. 

TERR eee eee eee eee eee eee E HEH e HEHEHE EHH HHH HEH EEE EEEEEEEEEEH EEE SE EEE EEEEEHEEHEE HEHEHE HEHEHE HEE EEEES EEE HEHEHE EEEHEEEEE HEHEHE HEHEHE EEE EEE 

TERR eee eee eee ee EEE HEHEHE EEE EEHEEHEE EEE EEE ESSE EEE EESESHEE EEE EEHEEHEE EEE EEEEE EEE EEEEE EES EEE HEHEHE EEE EEE EEE EEE HEHEHE EE EED 

[2 marks] 

ii) State the name of one layer of network protocols and outline its function. 

Layer NAaMe:  z...snsosnisssccnaeccsepeeanesee fenghaeta teat cues tec teeec tere eee ene ene 

Layer LUM CHO: sccta.scsenve.aBenserasereetiduoss+sesnet snateeacsesnencasieerecieac’ sacs aede eet tae eae 
[2 marks] 

iii) Identify three benefits of using layers when working with network protocols. 

PERE eee eee Eee E HEE HEE EEE HEHEHE EE EES SESE EEE E EEE EES EEEEE EEE EE EEE EEE EEE HEE EE EEE EEE EEEEEEEEEEEEEEEE EEE EE EEE EEE EES EEEEE EEE EE EES ESEES 

FORMER ee eee eee eee EEE EEE EEE EEH EEE EE EEE EEE EES EEE EEEEE HEE EEE EES EEE EEE EEE EEE EEHEE HEE OE HEHEHE SES EE EEE HEE EES HE EES EEE EEE EEEEE EES EE EEE EE EEE ES 

POR RE eee eee eee Heese EH eee eT HEH HEE EE EEE HEH EES EESEEHEE OEE SESEESEEHEEEEE EEE SEES EE EEH HEHEHE EEE HEHEHE HEE EE EEE HEHEHE HEHEHE SHEE EE ESSE 

[3 marks] 

A magazine publishing company based in rural Scotland connect their computers in a LAN 

using a Client-Server setup. Their writers live elsewhere in the UK and either email or post 

their articles to the company, where they are edited in time for the weekly deadline. 

Discuss the advantages and disadvantages to the company of changing 

from their current system to one which uses the cloud. 

Make sure your answer includes both advantages and 

disadvantages, otherwise you won't be able to get full marks. 

[6 marks] 

A law firm has 100 members of staff in an office building Consider the threats posed to the 
in London. The firm stores confidential data about its clients firm's network and how a network 
on a server. The firm currently has no network policy. policy could protect against them. 

Discuss how a network policy could benefit the law firm. 

[8 marks] 



Revision Questions for Section Two 

From passwords to packets to peer-to-peer to protocols — this section has been quite the mouthful... 

e Try these questions and tick off each one when you get it right. 

e When you’ve done all the questions for a topic and are completely happy with it, tick off the topic. 

LANs, WANs and Hardware (p.20-22) [_ ] 
1) What's the difference between a LAN and a WAN? [] 

2) Give three factors that can affect the performance of a network. [] 

3) Give one similarity and one difference between a switch and a router. [| 

4) Give one advantage of using wired network connections over wireless. [| 

5) What's the difference between a Wireless Access Point (WAP) and a hotspot? [ ] 

6) What are Wi-Fi® channels and how are they used? [| 

Network Types and Topologies (p.23-24) [. ] 
7) Draw diagrams of a Client-Server network and a Peer-to-Peer (P2P) network. 

8) Compare the client-server relationship with the relationship of peers in a P2P network. 

9) Give two reasons why someone might choose to set up a peer-to-peer network. 

10) Give three advantages and two disadvantages of using a star network. 

OOOO 11) Describe the key features of a mesh network. 

Protocols and The Internet (p.27-30) [_ ] 

12) What is the definition of a protocol? 

13) What is the difference between a MAC address and an IP address? 

14) List three things that a data packet contains. 

15) How does a receiving device know whether a packet has been corrupted or has gone missing? 

16) What does each of the following stand for? Describe in a sentence what each one does: 

Porras ban ie be, vil P. POPS, IMAP 

17) List the 4 layers of network protocols. 

18) Give three reasons why we divide protocols into layers. 

ao 

20) Give five advantages and five disadvantages of using the cloud. 

) 

) 

) Describe how a Domain Name Server (DNS) works. 

) 

21) What is a virtual network? SIENNA SSNs 

Network Security Threats (p.31-33) [ ] 

22) Describe, in a sentence each, five different types of network attack. 

23) List six actions that malicious software might carry out. 

24) Describe three ways that malware can access a device or network. 

25) What is social engineering? Give two examples of it. 

26) Explain how an SQL injection works. 

27) Give five security measures a good network policy might cover. 

28) Give three precautions you should take with your passwords. 

SIENNA 29) What do organisations use firewalls for? 

Section Two — Networks 
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Ethical and Cultural Issues 

Despite what you might think, computer science doesn’t just exist in a well-ventilated bubble — it affects 

all of our lives. Computers, new technology and the Internet all impact different people in different ways. 

1) Ethical issues are about what would be considered right and wrong by society. These categories will 

2) Legal issues are about what's actually right and wrong in the eyes of the law. ie often overlap — many 

3) Cultural issues are about how groups of people with particular beliefs, ————— environmental and cultural 

practices or languages may be affected, e.g. ethnic groups, religions, countries. questions could also be 

4) Environmental issues are about how we impact the natural world. considered questions of ethics 

If a company acted legally but ignored all questions of ethics, it could lose public trust. Many companies 

have a code of conduct (a set of rules that the company and its employees will follow) to show that they 

take these issues seriously. A company may invent its own code or agree to follow a standard one. 

1) Stakeholders are individuals or groups of people who have an interest in or are affected by a 
particular scenario (e.g. the actions of a company or the development of a new technology.) 

2) Stakeholders may include a company’s owners, its employees, the shop that sells the company’s 
product, customers, the company’s hardware suppliers and the local community. , 

3) Each group of stakeholders has different priorities which may conflict with those of the others. 

4) In the exam, you may be given a scenario and asked to discuss the ethical, legal, cultural or 
environmental issues it raises for the various stakeholders. 

Sally pays to download movies from a major on-demand streaming service. Her friend suggests 
that she should use a website where the movies are free but that probably isn’t legal. 
Identify the key stakeholders and discuss the ethical and legal issues this raises for each. [8 marks] 

Sally is a stakeholder who faces ethical and legal dilemmas. If she uses the website, she would save money, 

but may be supporting copyright theft and, indirectly, other criminal activities. She may also be breaking the law 
herself and could face prosecution. By using a website of dubious nature, she will put herself at risk from computer 
viruses and other malware. She may argue that the website is easily accessible, the legality is a grey area and 
that the government or film company should shut down these websites if they don't want people to use them. 

The movie's creators, publishers and employees are stakeholders. They may lose money as a result of people using 
these websites. This could affect their ability to employ staff and make films in the future. They could use copyright 
laws, e.g. the Copyright, Design and Patents Act to attempt to prosecute the website's owners or the website's users. 
If they targeted users, this could be an effective scare tactic, but could also create bad press for the company. 

Owners of the legitimate streaming service are also stakeholders who would 
lose money which could affect their ability to employ staff or stay in business. 

Governments could also be stakeholders. The film company's government will want to protect its companies 
and will be under pressure to take action. However this may be very expensive and technically difficult. If the 
website is hosted in a different country with different copyright laws, tricky political negotiations may be required. 
The government may also be concerned that money from these websites could be funding further illegal activities. 

These are really common essay questions in the exam... o— 

pa) When you're answering questions on these issues, get in the habit of thinking about what groups 
ww are affected (stakeholders) and what issues (legal/ethical/cultural/environmental) it raises. 

Section Three — Issues 
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It’s quite concerning to think how many people have access to your social media profile. However, 
some people in the world don’t get to access social media at all — so maybe you're the lucky one... 

1) Many websites (e.g. social media, banking and retail) require users to provide personal information 
in order to set up an account, e.g. date of birth and address. 

2) Social media websites actively encourage you to post even more personal information, 
including photographs and details of your job and social life. 

3) Cloud computing websites allow users to upload personal files to their servers. 

4) Companies may make your personal information, photos, etc. available to other website users or 
the whole Internet. They may also sell your personal details, buying habits, likes / dislikes etc. to other 
organisations (who might use it to send you targeted adverts or spam emails). Companies can do lots 
with your information as long as they stay within the bounds of the privacy agreement. 

5) Users will accept a privacy agreement before using many websites and software. The trouble is that 
very few people actually read these so are unaware of what they’re agreeing to. Even if they do read 
the terms, users often have no choice but to agree if they want to use the website or software at all. 

6) Users can take steps to make the information they share more private, e.g. change their privacy settings 
on social media sites. Websites often have fairly relaxed privacy settings by default. They also can have 
privacy settings that are hard to find and hard to understand. 

7) Users have to trust companies to keep their data secure. But this doesn’t always happen — there have 
been various high profile cases where customer data held by large companies has been leaked or stolen. 

8) There are also issues around having so much personal information accessed via mobile devices, 
which might be stolen. 

1) Internet censorship is when someone tries to control what other people can access on the 
Internet. Some countries’ governments use censorship to restrict access to certain information. 

2) One of the strictest countries for censorship is China, where they restrict access to websites 
which are critical of the government. China also censors many major foreign websites, 
including Facebook®, Twitter and YouTube™. In Cuba, citizens can only access the Internet 
from government-controlled access points. 

Censorship 
3) Many governments use some form of censorship. Many countries (including the UK) restrict 

access to pornography, gambling and other inappropriate websites in order to protect children. 

1) Computer surveillance is when someone monitors what other people are accessing on the Internet. 

2) Many countries use some form of surveillance. Government intelligence agencies may use packet 
sniffers and other software to monitor internet traffic, looking out for certain key words or phrases 
that might alert them to illegal activities, terrorism, etc. In some countries Internet Service Providers 
(ISPs) keep records of all websites visited by all its customers for a certain amount of time. Surveillance 

Censorship and surveillance are controversial topics. Some people support them in some form, 
e.g. to protect children or to stop terrorism. Others are completely against them, including several 
non-profit organisations which campaign against what they call cyber censorship and mass surveillance. 

ae 

You should have seen this page before it was censored... 
The weird thing about this stuff is that everyone knows it’s happening but no-one does anything about it — 
the Internet is such a big part of modern life that for many people their loss of privacy is a price worth paying. 
Other people aren’t so keen about losing their privacy though, which is why these issues are so controversial. 

Section Three — Issues 
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This page might talk about trolls, but there’s nothing fantastical or whimsical about it. 
In fact, this page gets into some serious issues which have damaged people’s lives. 

1) Companies release new enrol eas and pay for advertisements to promote it. 
These techniques often try to influence and pressure people into buying or upgrading 
to the latest device. 

2) Technology has also increased peer pressure — children feel pressure to own the latest device 
for fear of being bullied by their peers. Parents feel pressured into buying them. 

3) Smartphones make it easier for people’s work to intrude into other areas of life. 
Employees may be expected to carry a smartphone all the time, so that they 
can always be contacted — the smartphone may beep each time they get 
a work e-mail. This can be stressful for employees who feel they can never 
really switch off from work. 

4) Face-to-face social interaction can be neglected as more of our 
social lives move online. This is made worse by having the Internet on 
mobile devices — it’s now almost possible to ignore real life completely. 

Cyberbullying is when somebody uses social media to deliberately harm someone else. 

This includes trying to intimidate or insult someone, or trying to humiliate 
or defame them (damage their reputation). 

Cyberbullying can cause serious distress — people have been 
driven to suicide because of these attacks. Cyberbullying 

e Trolling is when somebody tries to cause public arguments with others online. 

¢ For example, the troll may take part in a political discussion online, but only 
to make comments which would frustrate the other members of the discussion. 
Trolls normally do this for their own amusement or to gain attention. Trolling 

1) Problems like cyberbullying and trolling may be a result of the anonymity 
that the Internet gives people. They say things online that they wouldn’t say 
if talking to someone face-to-face. 

2) The Internet has made it easier for children to access inappropriate material, 
like pornography, drugs and gambling. Parents and schools can use 
parental-control software to try to stop children seeing it. 

3) Sexting (sending sexually explicit messages or images to other people) is more common 
as smartphones and video messaging applications have become more popular. 
Sexting can be dangerous as the person receiving the images might not be trustworthy 
— social media allows them to forward someone else’s images onto anyone they want. 
There are now laws which try to prevent this. 

Technology has enabled a lot of anti-social behaviour... 
These are all sensitive topics, but they’re worth mentioning in the exam if they’re relevant to the question. 
The problems on this page can have a damaging impact on the mental wellbeing of the victim — 
if you ever experience any of them, the best thing to do is to tell someone about it. 

Section Three — Issues 
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Overuse of technology isn’t just dangerous to mental health — it can also cause physical conditions. 
But as it becomes more and more central to our lives, these problems can be harder to avoid... 

1) Eyestrain can be caused by looking at a device's screen for too long. 
This is a particular problem if the device is used in bad lighting, 
the screen is flickering or there is sunlight glare on the screen. 

Eyestrain can be prevented by using suitable lighting, keeping the screen a good 
distance away from your eyes and taking regular breaks from using your device. 

2) Repetitive Strain Injury (RSI) is when parts of the body (normally fingers and wrists) 
become damaged as a result of repeated movements over a long period time, 
such as typing on a keyboard. 

RSI can be prevented by having a correct posture, 
arranging your desk appropriately and taking regular breaks. 

3) Sitting at a computer too long can cause back problems. 
Back pains are normally caused by poor posture. 

You can prevent back pains by using an adjustable chair, a foot rest and/or an 
adjustable monitor, and ensuring that you aren’t sitting at an awkward angle. 

Selfies (photos we take of ourselves) have become really popular because 
smartphone cameras and social media allow us to take them and share them 
easily. But could they be seen as a sign that social media is gradually 
making people more attention-seeking and self-obsessed... 

Viral is a word used to describe videos, images or messages on the Internet 
which have rapidly spread over social media and have been seen by millions 

of people. Companies, politicians, celebrities and charities all try to use images 
and videos in their promotional campaigns in the hope that they will go viral. 

Social media and websites allow people to publish 
writing, art or other media. This can give a voice to groups of 
people who might have been ignored by mainstream media. 

There are benefits and problems with all technologies... 
Pick a new technology that you know quite a lot about. Think about what opportunities 

oa and conveniences it can give to its users. Try and come up with some issues that it can cause 
Ww as well — think about the effects of overusing it, or of people abusing it. Are there any other 

stakeholders, other than the company behind it and the end user? What issues do they face? 

Section Three — Issues 
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Computers have had a tremendous impact on our culture — it’s difficult to imagine some of the things we do 

today without them. Just remember that many people have been left behind by this technological revolution. 

1) Music and television streaming services have allowed their customers to listen and watch media 
for less money, usually through a subscription service. But some people aren’t happy about it — 
e.g. musicians who feel streaming companies don’t pay them enough money to use their music. 

2) The sharing economy is the name given to services which use new technology to let people make 
money from things they already own — e.g. Uber™ lets you turn your car into a taxi service, and 
Airbnb™ uses the Internet to let you rent out a room in your house to tourists. 

3) These services are cheap, but they draw customers away from taxi firms and hotel owners. 
Also, they may be more risky for sharers and customers. E.g. the sharer may not know the 
safety regulations they should follow, and may find their insurance policy won’t cover them 
if there’s damage or theft. 

hnology he 
1) The digital divide is created by the fact that some people have greater access 

to technology than others. E.g. people can use the Internet to apply for jobs 
or university courses, access a range of services from banking to retail, 
and keep in touch with friends. People who have a limited access 
to the Internet are therefore at a heavy disadvantage. 

Some people don’t have enough money to buy new devices 
like smartphones and laptops, which ean be very expensive. 

e Urban areas are likely to have greater network coverage than rural areas. 

* Some people don’t know how to use the Internet and other new 
technologies, and so are shut out of the opportunities they offer. 
This is a problem for many older people who haven't grown up 
with computers and so have little experience with them. oF.) 6) SO] aa | = DIGITAL DIVIDE 

2) The global divide is created by the fact that the level of access to technology 
is different in different countries. People in richer countries tend to have greater 
access to technology than people in poorer countries. The Internet and other 
technologies have created lots of opportunities for the people with access to them, 
so this has increased the inequality between poorer and richer countries. 

3) Projects have been set up to combat the digital and global divides. 
There are several British community projects aimed at improving Internet 
coverage in rural areas. One Laptop Per Child is a charity which provides 
laptops to children in Africa, Central Asia and South America. 

These issues have got my fingers arguing — it’s a digital divide... 
Technology doesn’t just affect those who use it — it affects everyone, including the people who can’t use it. 
In the exam, think about how new technology might contribute to the digital divide, as well as all the other 
issues covered in this section. There’s often loads you can say, so don’t focus too much on one single issue. 

Section Three — Issues 
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Warm-Up and Worked Exam Questions 

" robably already aware of some of the issues on these pages, but it’s worth going back over any 
that are new to you. The more you can remember, the more marks you'll be able to bank in the exam. 

pigas tayly « 
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A business monitors what their 
employees view online. 

A country’s government blocks 
access to Facebook®. 

A school restricts access to 

harmful websites. 

An Internet Service Provider 
collects data on browsing habits. 

Give an example of a physical health risk caused by extended use of technology, 
and suggest one way that it could be prevented. 

What is meant by the ‘digital divide’? 

Jasmine uses several social media websites. She was recently a victim of cyberbullying. 

a) Define the terms cyberbullying and trolling. 

POOR ee eee eee meee eee eee EHH EEE HEHE EERE HEHE EEE HEE EET EEE HEHEHE SEES EEE EEE HEHEHE HEE HEE OEE HEHEHE HEE SEH EEEEEEEEH HEE EEE ES 

POO meee eee PE e eee PT e meee e reer sere essere esses esses es TE eee He sme see EEE HEH OEHEES EEE EEE HEHE THESE SEES HEHEHE HEHEHE ESE SEEH EEE E EEE OE ES 

[2 marks] 

Suggest two reasons why cyberbullying and trolling have become a problem on social media. 

ROR e eee meee meee e ee eee eee eee eeMeee esse dares edessse mass eseeesr sss ses ses Mes eessetess esse assesses sees Ee eEE EEE EEEHEEHHEE EES EES EES EEH HEHEHE EEE EES 

AER Ree eee ee Hee HEHE eee Ee EEE HEH HEHEHE HEHEHE HEHEHE HEH EE TEETH HEHE EEE EEE EEE HEHEHE HEHE EEE E MEE HEE ESE EEE SEES HEHEHE EEE EEE EEE EEE EEE EEEEEEEES 

Social media has also had a positive impact on how we communicate. 

Describe one way in which social media benefits its users. 

PERRO RRR e eee HHH HEE HEHEHE HEE H HEHEHE EEE EEE EEE EEE SESH EE EEE EEE EEE HEEEEEEEEE EEE EEE EHEEHEE EEE OEESEEEEEHEEEHHH HEH EESEEEHEHH EHH EEE EEE EEH HEHEHE HEHEHE 

SERRE R eee ee eee HEH EEE EEE HEHEHE EEE HE HEE E EEE EEE HEHE EEE HEHE EEHEE HEHE HEHEHE HEHE HEHEHE EEE EE EEEEEEHEEEHES EEE ESEHHEEEEH HEHEHE EEE EEE EEHEEHEEEEEES 

a 

; i ; 
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Exam Questions 

A supermarket replaces all of their staffed checkouts with electronic self-service checkouts. 

This increases the company’s profits, but causes some of the checkout workers to lose their jobs. 

a) Define the term stakeholder. 

Identify two stakeholders in the decision to replace the staffed checkouts. State whether the 

effect on these stakeholders was positive or negative and give a reason for your answer. 

Stakeholder 1: 

The effect on this stakeholder was: Positive / Negative 

Reason: 

Stakeholder 2: 

The effect on this stakeholder was: Positive / Negative 

Reason: 

Tom works for a smartphone company. He is stressed as he feels he can’t switch off from work. 

a) Explain how new technology could have allowed work to intrude into other areas of Tom’s life. 

b) Tom’s company releases a new smartphone every year. 

Outline the social pressures that can be created by the regular release of new technology. 

c) Tom’s neighbour, Jerry, is also stressed because he is finding it difficult to apply for jobs. 

All the companies he wants to apply to only accept online applications, and he has limited 

access to the Internet. Explain one reason why a person’s Internet access might be limited. 

In many factories robots have replaced humans for routine tasks such as cutting 

and joining materials together and retrieving products stored in a warehouse. 

Discuss the impact of robots replacing humans to carry out routine tasks in factories. 

In your answer you might consider: stakeholders, technology and ethical issues. 

Try to talk about both positive and negative effects that the robots might have. 
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Sandiaelalaatsarecle cols 

Devices all have an environmental impact. Take a smartphone — it’s made of materials that are mined 
from the Earth, it consumes energy when used, and when it’s thrown away it could end up on a landfill site. 

‘ars NT 
2 

1) Electronic devices contain lots of raw materials. 

2) Plastics (which are used for casing and other parts) come from crude oil. 

3) Devices also contain many precious metals like gold, silver, copper, mercury, palladium, platinum 
and indium. Many of these metals only occur naturally in tiny quantities. 

4) Extracting these materials uses lots of energy, creates pollution and depletes scarce natural resources. 

1) Most electricity is made using non-renewable resources like coal, oil and gas. Extracting these resources 
and producing electricity in power stations causes lots of pollution including greenhouse gases. 

2) All computers generate heat and require cooling. The powerful servers used by businesses and the 
Internet are a particular problem. They're very power hungry and require special air-conditioned 
rooms to keep them cool. That means using even more energy and more pollution. 

3) Devices also waste a lot of energy. Servers normally only use a small proportion of 
their processing power. People often leave their desktops, laptops and smartphones idle. 
This means these devices are using a lot of energy without actually doing anything. 

4) There are several ways to reduce the amount of energy wasted by devices: 

e Virtual servers are software-based servers rather than real machines. Multiple virtual 
servers can run on one physical server, so the physical server can run at full capacity. 

e Most modern devices include sleep and hibernation modes 

to reduce their power consumption when they are idle. 

¢ Don't leave electronic devices (TVs, laptops, etc.) on standby. 
mr - 

Modern devices have a very short life before they’re discarded — either because 
they break or because people want to upgrade. 

2) Device manufacturers and retailers are part of this problem. They provide short warranties 
(e.g. 1 year), use marketing to convince people to upgrade and have pricing policies 
that make it cheaper to replace than to repair. 

3) The Waste Electric and Electronic Equipment (WEEE) directive was created to tackle the e-waste 
problem. The WEEE has rules for disposing of e-waste safely, to promote reuse (e.g. refurbishing 
broken devices to use again) and recycling (e.g. extracting the devices’ precious metals). 

4) To cut costs a lot of e-waste is sent to certain African and Asian countries where regulations 
are less strict. Here, most of it ends up in landfill and can be a hazard — toxic chemicals 
can leak into the ground water and harm wildlife. 

Don’t (e-)waste your time — use your energy to learn this page... 
From manufacture right through to when they’re thrown away, our devices put a strain on the environment. 
But it’s not all bad — they let us communicate without having to travel long distances in pollution-spouting 
vehicles, and reduce our need for paper. However, whether these make enough of a difference is debatable. 
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Computer Legislation 

There are now lots of different laws related to computing, but fortunately you only have to learn about 
a select few. There’s a lot of (freedom of) information here, so make sure you take your time to go over it. 

1) The Data Protection Act 1998 gives rights 
to data subjects (people whose personal data te Lae ite patos par 

is stored on computer systems). bd aseciina fale the agieiaed relevant and not 
; en oe and lawful way excessive for the The Act has eight principles, as shown here. purpose. speciieeune 

2) Before collecting personal data an organisation 
must register with the government, saying Data 
what data they’II collect and how they’II use it. Ses 

3) The Act gives data subjects the right to see the ‘be tregierred. Protection Dats 
personal data an organisation holds about them. adequate Act kept up to date. 

protection. 
4) There are some exceptions to this, 

e.g. organisations don’t have to disclose the 
data they hold if it could affect national security, 

The 8 Principles 

tax assessment, or the outcome of a court case. The rights 
Data should of the data 

5) Ifa data subject feels an organisation’s use bekop seats subject must be 
and secure. 

observed. of their data has caused them distress, 

they may be entitled to compensation. 

by a public organisation about that organisation’s activities. The Act covers information stored 
in computer data files (including audio and video files), emails, and printed documents. 

2) Public organisations include government departments, the Houses of Parliament, local councils, 
the armed forces, the National Health Service, police authorities, schools and universities. 

3) The Act makes public organisations publish certain information on a regular basis so that the 
public have access to it. It also allows members of the public to request specific information. 

4) There are some exceptions to the Act. E.g. an organisation can withhold requested information if it is 
intended for future publication, or if disclosing it could affect national security or cause people harm. 

Se , ¢ ~~ s Vv 

The Computer Misuse Act 1990 was introduced to stop hacking and cyber crime. 
It introduced three new offences: 

1) Gaining unauthorised access to a private network or device, e.g. through hacking 
(just accessing a network could get you a fine or prison sentence). 

2) Gaining unauthorised access to a network or device in order to commit a crime, 
like stealing data or destroying the network. 

3) Unauthorised modification of computer material — e.g. deleting or changing files. 
The Act also makes it illegal to make, supply or obtain malware. 

Some of these laws are a bit similar — don’t mix them up... 
The Freedom of Information Act deals with information held by organisations about themselves, 
and the Data Protection Act deals with people’s personal data held by organisations. The Computer 
Misuse Act hasn’t changed much since 1990, but it has been amended to give harsher punishments 
to offenders, and to give more power to law enforcement agencies, e.g. to carry out surveillance. 
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Computer Legislation 

Another part of computer legislation covers intellectual property — stuff people create. Your favourite song, 
the essay you wrote and even this book are intellectual property, and these laws are here to help protect it. 

a4 

a 

1) The Copyright, Designs and Patents Act 1988 was introduced to protect intellectual property 
— anything someone has created, e.g. a novel, a song, piece of software, a new invention. 

2) Copyright covers written or recorded content, e.g. books, music, films, software, video games. 

3) The Act makes it illegal to share copyrighted files without the copyright holder’s permission, 
use unlicensed software or plagiarise (copy) somebody else’s work. Copyright holders 
can make money by granting permission to use the material for a fee. 

4) Patents cover new inventions — they protect ideas and concepts rather than actual content. 
E.g. if a company invented a new method of charging smartphone batteries, they could obtain 
a patent to prevent other companies from releasing smartphones that used this process. 
In computing, patents mostly apply to pieces of hardware. 

5) The Internet has made it harder to protect copyrighted content due to the ease of file sharing. 
It’s also difficult to enforce copyright if content is held on servers in countries 
with more relaxed copyright laws. 

6) A lot of illegal file sharing takes place over peer-to-peer networks (p.23) using the BitTorrent® protocol 
to share files directly between devices. Cloud-based (p.30) file-hosting websites are also used — 
copyrighted content is uploaded to the website where anyone with an account can download it. 

7) It’s a grey area as to how much responsibility the website owners have for content that users upload. 
However many of the most popular Torrent and file-hosting websites used for illegal sharing have 
eventually been prosecuted for copyright violation and forced to shut down. 

1) Creative Commons (CC) licences allow you to legally share media and software online without having 
to ask for permission first. Intellectual property owners use creative commons licences when they want 
other people to share or build upon their work. 

2) There are four main types of creative commons licence: 

Type of CC licence — Conditions 

3) CC licences are often combined, e.g. attribution share-alike or attribution share-alike non-commercial. 

4) Some works are in the public domain — they don’t have any copyright attached to them, meaning 
you can copy and share them as you wish. UK copyright expires 70 years after the creator's death, 
at which point their creation enters the public domain — Shakespeare’s plays, Beethoven’s symphonies 
and da Vinci's paintings are all now in the public domain. 

jg \ntellectual property covers loads of different media... 
Search the internet for something that has a Creative Commons licence. What kind of licence is it? 
What benefits does the licence give the community? What about the creator? 
What problems might it cause that a stricter copyright licence would avoid? 
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Warm-Up and Worked Exam Questions ‘ 

Make sure you know those laws inside out — it'd be easy to mix them up and drop some marks. Once you're 
confident with the last few pages, try out these questions — then go back over anything that slips you up. 

Warm-Up Questions Re: 

1) Which of the following are materials used to create electronic devices? 

copper jupiter platinum plastic cedarwood potato mercury mithril gold — silver 

2) State which law the following issues relate to: 

a) A hospital holds the medical records of its patients so they can be treated. 

b) A criminal hacks into a broadband company’s network 
and steals its customers’ account details. 

c) A request is made to a university to release information 
regarding the amount their vice chancellor is paid. 

d) A polling company holds data on members of the public for a survey it is conducting. 

e) An employee accesses their manager’s network account and deletes company data. 

3) Define what each of these Creative Commons licence conditions 
means for the intellectual property that is being shared: 

a) Attribution b) Non-commercial 

c) Share-alike d) No derivative works 

+= -- SEEDER REE 

The average household can spend almost £100 a year on wasted electricity. 

a) Identify two ways that electronic devices waste electricity. 

Users sometimes leave devices idle / on standby. 

[2 marks] 

b) Explain how hardware manufacturers can limit the amount of electricity wasted by devices. 

The Data Protection Act 1998 gives rights to data subjects. 

a) Define the term data subject. 

[1 mark] 

Any of the eight principles 

would be fine here. 
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Exam Questions 

3 Illegal file sharers infringe upon the copyright of musicians and film makers. 

a) Define the term copyright. 

[1 mark] 

b) Some pieces of music are in the public domain. Explain what is meant by the public domain. 

[2 marks] 

The average smartphone is only used for two years before it is discarded as e-waste. 

a) Define the term e-waste. 

b) Identify two reasons why smartphones are only used for a short amount of time 

before they are discarded. 

A cinema collects information from customers who book seats to watch movies. 

The cinema would like to store this information for the following reasons: 

* to make it easier for customers when they book seats in the future. 

* to enable the cinema to contact customers with details of future films. 

Explain the measures that the cinema should take to ensure that customer data is stored legally. 

Think about what legislation they might be at risk of breaking, and what they can do to avoid this. [6 marks] 
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Revision Questions for Section Three 

Well, that section had a lot of issues — thankfully you’re not here to solve its problems, just learn its content. 

e Try these questions and tick off each one when you get it right. 

e When you've done all the questions for a topic and are completely happy with it, tick off the topic. 

Ethical and Cultural Issues (p.38-42) [- ] 

1) Define each type of issue in a sentence: ethical, legal, cultural, environmental 

No What is a stakeholder? Identify five stakeholders in the release of a new smart phone. 

Oo Give two reasons why someone might give their personal details to a website. 

dos Give two problems with many online companies’ privacy agreements. 

DD Explain the difference between censorship and surveillance. 

NI Give one argument for and one against Internet censorship. 

oo 

) 

) 

) 

) 

) What can you do to make the information you share online more private? 

) 

) 

) Give one argument for and one against governments carrying out Internet surveillance. 

) WO Give four examples of how new technology may affect social well-being. 

10) What is cyberbullying? 

11) What is an Internet troll? 

12) Give two reasons why cyberbullying and trolling have become so common. 

13) What is sexting and why is it dangerous? 

14) Give three examples of health problems which can be caused by using a computer. 

15 

16 

) 

) Give three examples of how technology and the Internet have shaped our culture. 

) OHOOUOOOOUOOOOOOOOO Give three reasons for why a digital divide exists. 

Environmental Issues (p.45) [. | 

17) Give three examples of natural resources which are used to make computers. 

18) Explain how a device's need for energy impacts the environment. 

19 

) 

) Give three ways to reduce the amount of energy devices waste. 

20) What is e-waste and why do we generate a lot of it? 

) HOOOO 21) Describe an environmental danger caused by e-waste left in landfill sites. 

Computer Legislation (p.46-47) [. | 

22) What are the eight principles of the Data Protection Act 1998? 

23) a) Which Act allows the public to see information held by a public organisation about its activities? 

b) Give two exceptions to this Act that allow organisations to withhold information. 

24) What were the three new offences introduced by the Computer Misuse Act 1990? 

25) What is intellectual property? 

26) Why do we use copyright? 

) 

) 

) 

27) Give three things that the Copyright, Designs and Patents Act 1988 makes illegal. 

28) Give the four types of Creative Commons licence. 

) 29) Why might a creator of intellectual property want to use a Creative Commons licence? 
-, oooo0o0ce oO 
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Computational Thinking 

Computational thinking is all about the steps you take to find the best solution to a complex problem. 

DECOMPOSITION — breaking ABSTRACTION — picking out 
Computational the important bits of information a complex problem down into 

Thinking from the problem, ignoring the smaller problems and solving 
each one individually. specific details that don’t matter. 

ALGORITHMIC THINKING — a logical way of getting from the problem to 
the solution. If the steps you take to solve a problem follow an algorithm 
then they can be reused and adapted to solve similar problems in the future. 

Computational thinking is something you'll do all the time without even noticing. 

For example, when deciding which film to watch at the cinema with your family: 

Decomposition Abstraction 

Details to ignore Details to focus on Things to look at 

Algorithmic thinking may involve coming up with some logical steps to reach a decision. E.g. listing 
all of the films that are showing, then deleting all the age restricted films and ones with poor ratings. 
Getting each family member to vote for their favourite, then picking the film with the most votes. 

If the family went to see a film the following week they could use the same processes of decomposition, 
abstraction and algorithmic thinking, but they would have to do the research and make the decisions again. 

Computer scientists rely on decomposition, abstraction and algorithmic thinking to help 
them turn a complex problem into small problems that a computer can help them to solve. 

See p.57-59 for more 
on sorting algorithms. 

Imagine the task is to sort a list of product names into alphabetical order: 

¢ One part of the decomposition might decide what alphabetical order means — 
letters are straightforward but what if some entries in the list contain numbers and punctuation? 

¢ Another part of the decomposition might look at comparing the entries — this could be decomposed 
_ further into how you could compare two entries, three entries, etc. 

. Abstraction will help the programmer focus on the important bits — it doesn’t matter what the entries 
_ are and what they mean. The important information is the order of the characters in each entry. 

. Algorithmic thinking will put the tasks into a step by step process. For example, you might compare 
the first two entries and order them, then compare the third entry to each of the first two and put it in 
the correct place, then compare the fourth entry to each of the first three, etc. 

Break your big problems down into small manageable tasks... 
Think about a recent decision you've made, or a problem you’ve solved. How did you decompose 
the problem? What information did you ignore/focus on? How did you reach the final solution? 

Section Four — Algorithms 



Writing Algorithms — Pseudocode 

Algorithms are just sets of instructions for solving a problem. In real-life they can take the forms of recipes, 
assembly instructions, directions, etc. but in computer science they are often written in pseudocode. 

1) Pseudocode is not an actual programming language but it should follow a similar structure 
and read like one (roughly). The idea is that pseudocode clearly shows an algorithm’s steps 
without worrying about the finer details (syntax) of any particular programming language. 

2) It is quick to write and can be easily converted into any programming language. 

3) There are different ways to write pseudocode — they are all equally correct as long 
as the person reading the code can follow it and understand what you mean. 

FEXAMPLE: | Write an algorithm using pseudocode to calculate the 
salary of a worker after a 10% pay increase. 

ae 

A simple solution to the problem would be: A more useful solution is shown here: 

Take worker’s current salary int salary 
Multiply the salary by 1.1 salary = input("Enter your salary.") 

Display the answer newsalary = salary * 1.1 

print(newsalary) 

This solution is perfectly adequate as the 
problem has been split down into steps and it is This solution is better as the words and structure 

obvious to the reader what to do at each stage. resemble a real programming language. 
It can be more easily adapted into real code. 

32 eo 

Even though pseudocode isn’t a formal programming language you still 
need to make sure it’s readable, easy to interpret and not too vague. 

FEXAMNPLE: | When registering on a website, a user’s password should be more 
than 6 characters long and it must be different from their username. 
Write an algorithm to check if the password is valid. If it’s invalid it should say why. 

IF the length of the password is less than or equal This code is too vague and 

to 6 characters long OR password is the same as the <x, unstructured. It won't give reasons 

username THEN it is invalid ELSE the password is valid why the password is invalid and doesn't 
give any input variables (see p.66). 

The pseudocode asks the 
_ " " seh taanipuha Aeon username input("Enter your username.") 

Wy Aes LRAT ate : The first IF statement 
and password and stores Pinan te meta stra VL ies "y) checks to see if the 
them as variables if Tength of password <= 6 then = password is too short 

print("Password is too short.") R 
and the second checks 

. : Tse 
The code gives different i ee if it's th as 
scitts AOR Pics: if password == username then act 

th ame. oy Cr print("Password is the same as username.") rays 
the password is invalid. 1 

elise 

print("Password is valid.") 

endif 

endif 

The indentation of the 

pseudocode makes it 

more readable. 

PTV TI PUV IVT 
See p./O for more 
on IF statements. 

MPI “aT TP 10M WS NN 

a ee ee ee 

Pseudocode isn’t always everything it appears to be... 
If you have to write an algorithm in your exam, pseudocode is a great way to give your answer. 
You don’t have to worry about the fiddly bits of syntax from a specific programming language. 

Section Four — Algorithms 



Writing Algorithms — Flow Diagrams 

Algorithms can also be shown using a flow diagram, and just like for pseudocode, there are different ways 
to write the same algorithm. You do get to draw some different shapes though, so things are looking up. 

The beginning and the end of the algorithm Decisions, often a ‘yes’ or ‘no’ 
Start / Stop , : PTR ae 

are put in boxes with rounded corners. question, are put in diamond boxes. 

Inputs/Outputs Anything that’s put into or taken out of the Sub Sub Routines are like sub programs (p.81-82) 
algorithm goes in a parallelogram box. Routine — they reference other flow diagrams. 

Arrows connect boxes and show the direction 
——> you should follow. Some boxes might have 

multiple arrows coming in or going out of them. 

General instructions, processes and 

calculations go in rectangular boxes. 
Processes 

A flow diagram for checking that a password is more 
than 6 characters long and different from the username. 

Like pseudocode, flow diagrams 

should break algorithms down 

A flow diagram for calculating 
a salary after a 10% increase. 

Sequences Selections 

into stages which can then be 

used by a programmer to quickly 

turn the algorithm into code. 

Is length of Invalid password 
password < 6? — too short 

Are the Invalid password 
password and — same as 
username the username 

same? 

Password is valid 

This flow diagram shows selections. 
There are multiple ways to get from start to stop. 

This flow diagram shows a 
sequence. There is only one 
way from the start to the end. 

The pseudocode for these two 

algorithms is on the previous page. 

a linear search (see p.56). 
No 

A flow diagram for 
Item not found 

Are there ; 

more items Check Is this the 

to search? next item right item? 

Item found 

This flow diagram shows an iteration — it contains a loop that allows you to repeat a task. 

Flow diagrams should show the general flow of the algorithm... 
You don’t need to pack flow diagrams with all the details. If you get a flow diagram question in 
your exam, make sure you use the correct boxes and that all paths in your diagram lead to the end. 
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Warm-Up and Worked Exam Questions 

Now it’s time to practise your computational thinking, pseudocode and flow diagram skills. = 
Work through these warm-up questions then have a go at the exam questions. 

Give the names of the three key techniques used for computational thinking. 

2) What is meant by an ‘algorithm’? 

Which of these statements are true? 

A: Pseudocode is a formal programming language. 

B: There are lots of different ways to write pseudocode. 

C: The more vague that pseudocode is the better. 

FADE NT ON ae F D: Indentation helps to make pseudocode easier to follow. 

4) Draw lines matching the commands below to the correct flow diagram symbol. 

Start Output Decision Sub routine Process 

The flow diagram below shows how to convert miles to kilometres. 

; kilometres = ; 
INPUT miles miles © 8/5 OUTPUT kilometres 

a) Identify one problem with this flow diagram. Think about what is missing 

POOH E Hee eee H eee Hee Hee eee aE EE EEE EEE EE EEE EEE SES EESEEEHEESEEEESES ESTE EE EEESESEESES EEE EEH HEHE EES ESSESEEEEEHES EEE EE EEE SESS EES SEES SES EES ESSE SES EED 

State the distance in kilometres of 10 miles. 

kilometres = 10 x 8+5=16 
eee eee eee eee eee eee eee) 

[1 mark] 

c) Draw an improved flow diagram by: 

* Using a more accurate conversion factor of 1.6093 instead of 8/5. 

* Asking the user if they wish to convert another distance. 

If yes, the flow diagram performs the new calculation and if not, the flow diagram ends. 

INPUT miles 
kilometres = 

miles * 1.6093 

Make sure you are 

using the correct Do you wish 

to converta 

new distance? 

boxes in each part of 

your flow diagram. 

[5 marks] 
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=> elas me@ler-yya telat 

2 Bernard has written the algorithm on 

the right using pseudocode. 
height = input("Enter the height.") 

width = input("Enter the width.") 

area = height * width 

print(area) 
a) Describe what Bernard’s algorithm does. 

RRR e eee eee eee eee EEE HEE HEHEHE EHO EH HEE E HEHEHE EEO EE EEE EEE E EE EEE SEES EES EEE EEE SEES Describe what is happening on each line 

SRR ee eee eee eee HHH HEHEHE HEHE EEE EEEEEHEEEHEEEEEEEEEEEEEHEEHEHEEEEEEEEE SEE EHESEEHEE EEE EEEHEEEEEEEEHEE HEHEHE EEE HEHEHE HEHEHE EE EE EEE ES 

LSI TYE age 
PRR eee eee ee eee HEHE HEE HEHE HEE EEE HEHEHE EEEE EHH EH ESHEEH EEE EEHEEESES ESE EEE EEE EEE EEE EESESESE SESH EEE ESHEEEEEHEE HEHEHE HHEHEEEEEHEE HEHE EHH EEE EES 

b) State the value of area if height = 5 andwidth = 10. 

eo ghee om Fee em ew ee oreo eeaeeeee 

4 A file uploading service won’t allow two files with the same file name to be uploaded. 

‘ If a file name already exists, it will ask the user to change the file name. 

a) Describe with examples how abstraction can help decide how to compare the files. 

SARA e eee eee HEHEHE H HEH HEHEHE EEE EEE HEH EEE EEE HEE EEE HEH ESEEEEHEHEEEHEEEE ESSE EEE EEHESHEEHEEEESEEEEEEHEEHEEEEEEEEEEEHEEEEEEEE HSE EEEHEEEESEEEE SHEED 

POR eee mee eee eee EEE HEHEHE HEHEHE EEE E EEE EE HEHEHE HEE HEHEHE EEE EEE HEHEHE SEES SEES EEEEE SESE EEEEEEEEEEE EEE EEE EEE EEE EEESESEHEHEES EEE EE HEHE EEE EEE EE EES 

PER e eee eee eee eee HEHEHE HEHEHE EHH TEST EEE HEE EEE EEE HEHEHE EEE HEHEHE EEE EEE EEE EEE EEEEEEEEHEEEEEEEE HEHEHE EEHEE HEHE EE EEE EEEHEEEEEEEEE HEHEHE EEE EEE ES 

POP Ree meee e teem eee eee EE EEE HEHEHE EHTS HEHEHE EEE HEEHESEEEEEE EHO E EEE EEE EEE ESE EE EEE ESE EEE EEESEEE EEE EEE EEE HEE EEE HEHEHE OEESEH HEHEHE EEE EEHHEHOEE EEE E OSES 

Pra ee re 1 ae POR e eee eee Hee eee HEH HEH EEHHEH HEHEHE HEHEHE HEE EEE EEE EEHEEH ETHOS E OEE EEE EEE EES EEE EEH EEE EHE TEESE HEHEHE EEE HES EEE EEE HEH EEEHEE EEE EEH EEE S EE EEE SEES 

PPO e meee meme e meee eee eee HEH HEH HEHEHE HESS EEEHHEHEEE TEETH EEE EEEEE HEE EEE SESE OEE EEE HEHE TEETH HEHE EHEE HEHEHE HEHEHE EH EEH HEE EEH OHHH EEE EHEEE ES 

4 A robot moves on the 4 x 4 square grid shown below. 

A subroutine, SqMove, is part of a flow diagram that tells the robot how to move. 

Draw a flow diagram to show how the robot moves. The flow diagram should: 

* Ask the user to enter which square the robot starts on. 

* Run the subroutine SqMove on a loop. 
* Stop when the robot reaches the top or the right of the grid. 

This is when x = 4 or y = 4 

[6 marks] 
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Search Algorithms 

Computers need to follow search algorithms to find items in a list — the ones you'll need to know about are 
binary search and linear search. Now, if only someone could make a search algorithm to find my keys. 

Find the middle item in the ordered list. —™@— To find the middle item in a 

If this is the item you're looking for, list of n items do (n + 1) +2 
then stop the search — you've found it. and round up if necessary. 

If not, compare the item you're looking for to the middle item. 
If it comes before the middle item, get rid of the second half of the list. 
If it comes after the middle item, get rid of the first half of the list. 

You'll be left with a list that is half the size of the original list. 
Repeat steps 1) — 3) on this smaller list to get an even smaller one. 
Keep going until you find the item you're looking for. 

coms Use the binary search algorithm to find the number 99 in the following list. 

1 2 2g le OO aie 7 ee 0 Ma es 

BINARY SEARCH 
ALGORITHM 

There are 9 items in the list so the middle item is the (9 + 1) + 2 = 5th item. 

The 5th item is 68 and 68 < 99 so get rid of the first half of the list to leave: 

There are 4 items left so the middle item is the (4 + 1) + 2 = 2.5 = 3rd item 

The 3rd item is 99. You've found the item you're looking for so the search is complete. 

925 "947899 Se 

ES EE 

Look at the first item in the unordered list. 

2) If this is the item you're looking for, then stop 
the search — you’ve found it. 

Use a linear search to find the 

number 99 from the list above. 

Check the first item: 7 #99 

Look at the next item: 21 #99 

Look at the next item: 52 #99 

Look at the next item: 59 #99 

3) If not, then look at the next item in the list. 

4) Repeat steps 2) — 3) until you find the item that 
you're looking for or you’ve checked every item. LINEAR SEARCH 

ALGORITHM 

1) A linear search is much simpler than a binary search but Look at the next item: 68 # 99 
not as efficient. A linear search can be used on any type Look at the next item: 92 #99 
of list, it doesn’t have to be ordered. Due to it being ee ' Look at the next item: 94 #99 
inefficient, a linear search is often only used on small lists. 

Look at the next item: 99 =99 

You've found the item you're looking 
for so the search is complete. 

2) Once the list has been ordered, a binary search is much 

more efficient than a linear search. In general a binary 
search takes fewer steps to find the item you're looking for, 
which makes it more suitable for large lists of items. 

SA 

tgs. “Vrite out every step of a search algorithm, don’t skip ahead... 
The binary and linear search algorithms might seem like a faff for you to follow when you can just 

—Z look at a list and pick out the item you want. Sadly computers are more systematic and they need 
to follow every step of an algorithm — in your exam you'll need to show every step too. 
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Sorting Algorithms 

I’m sure you all know how to sort things into numerical or alphabetical order but try telling a computer that. 
You'll need to be able to follow and carry out the three sorting algorithms on the next three pages. 

The bubble sort algorithm is used to sort an unordered list of items. 

The algorithm is very simple to follow but can often take a while to actually sort a list. 

Look at the first two items in the list. 

If they’re in the right order, you don’t have to do anything. 
If they’re in the wrong order, swap them. 

Move on to the next pair of items (the 2nd and 3rd entries) and repeat step 2). 

Repeat step 3) until you get to the end of the list — this is called one pass. 
The last item will now be in the correct place, so don’t include it in the next pass. 

>) 0]-]-] 8 le) ay ALGORITHM 
eo ot ot rt ay do 4 TO 

Each pass will have one less 

comparison than the one before it. 
MOE ee oe ele aye em 

Repeat steps 1) — 4) until there are no swaps in a pass. 

ATT V ALAN w 

Use the bubble sort algorithm to write 
these numbers in ascending order. 

660 2136 Bld) 0049 

First pass: 

666-218 38 15 i 89-49 Compare 66 and 21 — swap them. 

66. 2615-7 89 49 Compare 66 and 38 — swap them. 

21 3365 G65 159%89 49 Compare 66 and 15 — swap them. 

21 1 Sagbb! 094 (49 Compare 66 and 89 — no swap. 

21 1556664,89 49 Compare 89 and 49 — swap them. 

21 15 66 49 89 End of first pass. 

After the 2nd pass the order of the numbers willbe: 21 15 38 49 66 89 

After the 3rd pass the order of the numbers willbe: 15 21 38 49 66 89 

There are no swaps in the 4th pass so the list has been sorted: 15 21 38 49 66 89 

The bubble sort is considered to be one of the simplest sorting algorithms as 
it only ever focuses on two items rather than the whole list of items. 

e It’s a simple algorithm that can be easily implemented on a computer. 

e It’s an efficient way to check if a list is already in order. For a list of n items you 
only have to do one pass of n — 1 comparisons to check if the list is ordered or not. 

¢ Doesn’t use very much memory as all the sorting is done using the original list. 

Pros 

e It’s an inefficient way to sort a list — for a list of n items, the worst 

case scenario would involve you doing 2°°=") comparisons. 
w 
c 
ie} 
U e Due to being inefficient, the bubble sort algorithm does not cope 

well with a very large list of items. 

In the bubble sort, items bubble up to the end of the list... 
A common mistake is to forget the final pass because you realise that the list is already in order, 
remember that you should always show a pass when nothing changes to complete the algorithm. 
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Sorting Algorithms 

The next sorting algorithm you'll need to learn is the merge sort — it splits a list apart and then magically 
merges it back together in the correct order. | really hope you're ready to see something special. 

The merge sort algorithm is an example of a divide-and-conquer algorithm and takes advantage of two facts: 

e Small lists are easier to sort than large lists. 

e It’s easier to merge two ordered lists than two unordered lists. 

Split the list in half (the smaller lists are called sub-lists) 
— the second sub-list should start at the middle item (see p.56). 

Keep repeating step 1) on each sub-list until all the lists only contain one item. 

Merge pairs of sub-lists so that each sub-list has twice as many items. 

Each time you merge sub-lists, sort the items into the right order. 

Repeat step 3) until you’ve merged all the sub-lists together. 

o> > 
ot 
HE 
wy 

Ce) 
[an &) 
wi 
>a § 

1) Split the original list of 8 items into two lists, the second 
list should start at the (8 + 1) + 2 = 4.5 = 5th item. 

2) Carry on splitting the sub-lists until 
each list only has one item in it. 

3) Merge and order sub-lists back together. E.g. 

Compare F and A — move A to the new list. 
Compare F and L — move F to the new list. 
Compare P and L — move L to the new list. 
P is the last item in the new list. 

Note that merging is always performed on 
two ordered lists and is very simple to do. 

4) Keep merging sub-lists until you only have one list. 
a RAO 

You'll often be unable to split or merge lists evenly. For example, sometimes you'll have to 
merge a list containing two items with a list containing one item to make a list of three items. 

Due to its efficiency the merge sort algorithm or variations of it are used in many 
programming languages such as Java™, Python and Perl as the primary sorting algorithm. 

To do the merge sort, split things down before sorting them... 
When doing a merge sort it’s important that you show the splitting process and the merging 
process — if you only show the merging process then you've only shown half the algorithm. 
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Sorting Algorithms 

Here it comes, the final sorting algorithm you'll need to know for your exams. 
It’s called the insertion sort — have a look below to see how it’s done. 

The insertion sort algorithm is the simplest sorting algorithm to understand — it just takes 
each item in turn and puts it in the right place using the first item in the list as a starting point. 

Look at the second item in a list. 

Compare it to all items before it (in this case just the first item) 
and insert the number into the right place. 

Repeat step 2) for the third, fourth, fifth, etc. items until the 
last number in the list has been inserted into the correct place. 

EXAMPLE: ] Use the insertion sort algorithm to write these words in alphabetical order. 

Ball Stamp Post Tackle Scrum Kick Rugby 

Zz 

Oo 
bz 
TT) 
7) 
z 

SORT 

ALGORITH 

Ball Stamp Post Tackle Scrum Kick Rugby No insertion. 

Ball Stamp Post Tackle Scrum Kick Rugby Insert post between ball and stamp. 

Ball Post Stamp Tackle Scrum Kick Rugby No insertion. ) 

Ball Post Stamp Tackle Scrum Kick Rugby Insert scrum between post and stamp. ! 

Ball Post Scrum Stamp Tackle Kick Rugby Insert kick between ball and post. 

Ball Kick Post Scrum Stamp Tackle Rugby Insert rugby between post and scrum. 

Ball Kick Post Rugby Scrum Stamp Tackle All items are sorted into the correct | 

order so the sorting is complete. ; 
{ 

Insertion sorts have many advantages over the other sorting algorithms: 

It’s an intuitive way of sorting things and can be easily coded. 

It copes very well with small lists — for this reason, an insertion/merge 
hybrid sort is often used to take advantage of the strengths of each algorithm. 

All the sorting is done on the original list so, like the bubble sort, 
it doesn’t require very much additional memory. 

It’s very quick to add items to an already ordered list. 

It’s also very quick at checking that a list is already sorted. 

However, like the bubble sort, its main disadvantage is that it doesn’t cope well with very large lists. 

For a list containing n items: 

e Best case scenario (when the list is already ordered) requires n — 1 comparisons. 

n(n—1) e Worst case scenario requires — comparisons. 

Take the items one by one and put them into the right position... 
The insertion sort is pretty straightforward but don’t fall into the trap of just taking the list and rewriting 
it in order, that’s not how a computer would do it. You should always show every step of the algorithm. 
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Warm-Up and Worked Exam Questions 

There are lots of searching and sorting algorithms for you to learn, so here are some questions to test your a 

knowledge. Start off with the warm-up questions then have a go at the exam questions. oe 

Warm-Up Questions 

1) Here is a list of the ages of Julie’s sons and daughters: 

3 6 8 1 le 15 18 

a) Use a binary search to find “8” in the list. 
b) Use a linear search to find “11” in the list. 

2) Describe how a bubble sort works. 

3) Here are the names of the four pupils who attend chess club. 

Chris Beth Dalia = Ahmed 

a) Show the steps of a bubble sort to put the names in ascending alphabetical order. 

b) Show the steps of a merge sort to put the names in descending alphabetical order. 

c) Show the steps of an insertion sort to put the names in ascending alphabetical order. 

4) Which sorting algorithm is best to use on large lists of items? 

1 Nicola has’a list of numibers2,.3, 7,5, 13501" 

a) She says, “I can’t use a binary search to find 13.” Why is this the case? 

Pee e ccc c rere er eee cere eee eee ese e es see SEH EEO EEE EEE THE EES ESTES OES SED OSS SEDO OES HEH ETH EEE SHES OOH ESHEETS SES ES SES ESH ETH EH SESH HEH EHH OHS OS ESOS EOS ES EOS 

b) Show the steps of a linear search to find 13 in the list above. 

Check the first item: 2 # 13. The linear search is straightforward 

Checkathescecondaten eae but make sure you show every single 

step of the algorithm to get full marks. 

Check the third item: 7 # 13. 

Check the fourth item: 5 # 13. 

Check the fifth item: 13 = 13. 

Stop searching as the item has be found. 
[2 marks] 

2 Use the insertion sort algorithm to put these European cities into alphabetical order. 

Underlining the item 

that you're looking at 

will help you keep track 

of where you're up to. 
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3 Six athletes compete in a long jump competition. Their best jumps are shown below. 

Show the stages of a bubble sort to list these jumps in order from shortest to longest. 

[4 marks] 

4 Sonia has a sorted list of ice cream flavours that she sells in her shop. 

a) Show the stages of a binary search to find the word ‘butterscotch’ in the list below. 

butterscotch chocolate mint ty strawberry 

Always check that lists are ordered 

before doing a binary search, 

b) Give one advantage of using a binary search over a linear search. 

5 Kim hasa hand of playing cards, all of the same suit: 3, 7, 6, 2, 5. 

a) Arrange the cards in order from highest to lowest using: 

i) An insertion sort. ii) A merge sort. 

[4 marks] 

b) Explain one benefit of using an insertion sort over a merge sort on a computer. 
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Revision Questions for Section Four 

Well that’s algorithms all done and dusted. Or so you thought — just wait until you start Section 5. 

¢ Try these questions and tick off each one when you get it right. 

¢ When you've done all the questions for a topic and are completely happy with it, tick off the topic. 

Computational Thinking (p.51) [. | 

1) What is meant by: a) decomposition? b) abstraction? 

2) Why is using algorithmic thinking useful when solving a problem? 

NAA 3) Outline the decomposition, abstraction and algorithmic processes for choosing a film at the cinema. 

Pseudocode and Flow Diagrams (p.52-53) [. ] 

4) What is pseudocode? Give three features of well-written pseudocode. 

5) What are the benefits of writing algorithms in pseudocode rather than a programming language? 

6) Draw the five box types used on flow diagrams and say what each one is used for. 

7) What do sequences, selections and iterations look like on a flow diagram? 

8)* Draw a flow diagram to check if a new username is valid. Usernames should be at least 

5 characters long and unique. If it’s invalid, the algorithm should give the reason why 

and get the user to enter another username. No ASA 

Search Algorithms (p.56) [| 

9) What are the four steps of the binary search algorithm? 

Oo 10) What are the four steps of a linear search algorithm? 

11)* Here’s a fascinating list of British towns and cities: 

Ashington Brecon Chester Dagenham Morpeth Usk Watford 

a) Use a binary search to find “Morpeth” in the list above. 
b) Now do the same using a linear search. 

OO 12) What are the benefits and drawbacks of using a linear search over a binary search? 

Sorting Algorithms (p.57-59) [. ] 

13) a) What are the five steps of the bubble sort algorithm? 

b)* Use the bubble sort algorithm to sort these fruit into alphabetical order: 

Orange Banana Apple Peach Grape Lime 

14) What are the four steps of the merge sort algorithm? 

OOO 15) And the three steps of the insertion sort algorithm? 

16) Here ina listornumberm 8 / Oe. 1 Se eG a ge 

a) Use the merge sort algorithm to sort this list into descending order. 

b) Use the insertion sort algorithm to sort this list into ascending order. [] 

17) Outline the strengths and weaknesses of the following sorting algorithms: 
a) bubble sort b) merge sort c) insertion sort [] 

*Answers on p.143 
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Programming Basics — Data Types 

It's been a long wait of 62 pages, but finally we've got to the headline act, the programming section... 

Everything we cover in this section will work 

slightly differently in different programming ; 
languages, but the principles are the same and these boxes and will be written in pseudocode (p.52). 

that's what you need to learn for the exam. The output of the code will be shown in this box. 

In this section, examples of code will be given in 

1) Programming languages store data as different types. You need to learn the ones in this table... 

Datatype Pseudocode Characteristics 

Real (or float) | real Numbers that have a decimal part. 

Examples 

0, 6, 10293, -999 

Os15; 9.87, 100.0 

Boolean Can only take one of two values, usually true or false. | True/False, 1/0, yes/no 

Character char A single letter, number, symbol. delete i RE 

String string Used to represent text, it is a collection of characters. | "FsTmQ2", "$money$" 

2) Each data type is allocated a different amount of memory. 

3) Using the correct data types makes code more memory 
efficient, robust (hard to break) and predictable. 

Data type Typical amount of memory taken up 

Boolean 

Programming languages can be weakly typed or strongly typed. 

* Weakly typed languages will try to convert data types to 

avoid errors, however this can lead to unpredictable results. 

2 bytes or 4 bytes. 

4 bytes or 8 bytes. 

1 bit is needed but 1 byte is usually used. * Strongly typed languages won't try to convert data types 
and so will produce more errors but more predictable results. 

Character |1 byte 

1 byte for every character in the string. 

You should be able to choose the best data type to use in different situations. 

FEXAMAPLE: | Give the appropriate data type for each of the categories in this registration form. 

Initial of first name should be stored as a character. 

Surname should be stored as a string. 

Age (in whole years) should be stored as an integer. 

Height (in metres): | 1.64 Height (in metres) should be stored as a real data type. 

Male or Female: Male or Female could be stored as boolean. 

I SE ES ME Ee 

Using the wrong data type can lead to unexpected results... 
Using the correct data types is a fundamental part of programming — sometimes a piece of data could take 
different data types and you'll have to decide which is best based on the context of the question. 
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Programming Basics — Casting and Operators 

A mixed bag coming up on this page. First up is casting, which allows you to convert from one data type 
to another. Then it’s arithmetic operators — you'll already be familiar with most of them from maths. 

1) Languages have functions (p.81) that let you manually convert between data types — 
this is known as casting. This can be done using the int0, float(), bool() and str() commands. 

int ("1") <+— Converts the string "1" float(1) <— Converts the integer 1 ‘The int() and float() 
to the integer 1. to the float 1.0. functions will only 

work on numbers. 

bool(1) «— Converts the integer 1 to str(True) «— Converts the Boolean value 

the Boolean value True. True to the string "True". 

2) It’s important to realise that the integer 1, the real 1.0 and the strings "1" and "1.0" are all different. 

3) You can also find the ASCII number (see p.110) of characters 
and vice versa using the ASC(Q) and CHRO functions. 

ASC("b") <— Converts the character "b" CHR(98) <— Converts the ASCII number 98 

into its ASCI| number 98. into its equivalent character "b". 

The arithmetic operators take two values and perform a maths function on them. 

Ne — 

aE 3h (RS 

Addition, subtraction, multiplication and division operators do what you’d expect. 

3) The exponentiation operator is used to raise a number to a power. 

4) The DIV operator returns the whole number part of a division 

and the MOD operator gives the remainder. 

Function Typical Operator | Example Result 

addon Dividing integers might 

behave oddly in some 
programming languages, 

e.g. 5 / 2 may give the 

answer 2 instead of 2.5... 
al isa 

See 
Tr tpoeiiod: aeaea aon ia 

oe Guin) ow of 20a — 
“| Remainder (modulus) MOD or % 20 MOD 3 ar | 

5) These operators work on integers and real data values or a combination of the two. 

6) Computers follow the rule of BODMAS (Brackets, Other, Division, Multiplication, Addition & Subtraction) 

— so take care when using operators to make sure your code is actually doing what you want it to. 
E.g. 2 + 8 * 2 will give 18. To do the addition first, use brackets: (2 + 8) * 2 will give 20. 

using DIV and MOD 

can avoid these issues. 

Arithmetic Operators only work on integers and reals... 
Get your head around these basic things now and you'll have a better chance of understanding the 
trickier stuff later on. The DIV and MOD operators might seem strange but they’re really useful. 
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Programming Basics — Operators 

Programming languages have other types of operator too — 
this page covers the assignment operator and the comparison operators. 

The assignment operator, =, is used to assign values to constants or variables (see next page). 

Here are some examples of how the assignment operator works. 

Whatever you're assigning to it 
Re Ia: atm Sef hy ee ys right hand side. 

The name of the constant 

or variable should be on cost 

the left hand side of the =. 
total * 3<+— This multiplies the value of total by 

3 and assigns it to the variable cost. 
COStaeteO cost 

a This increases the value of cost by 5. 

Comparison operators compare the expression on their left hand side to the 
expression on their right hand side and produce a Boolean value (either true or false). 

Comparison operator What it means Evaluates toTrue _ Evaluates to False 

1) Acommon mistake is to get the assignment operator = and the comparison operator == mixed up. 

2) You'll know you’ve used them incorrectly because your code won’t behave as intended. 

3) Have a look at the examples below to see the impact using 
the wrong operator in an IF statement (p.70) can have. 

if age = 25 then if age == 25 then 

This piece of code just assigns 25 to the This piece of code checks if 
variable “age” — the IF statement will age is equal to 25 and will only 
consider this condition as always true. run if the condition is true. 

Comparison operators are used to compare two expressions... 
REVISION Knowing what all the different operators are and what they do is essential to learning how to 
= write simple programs. Close the book and see if you can write down all the arithmetic and 

comparison operators, explain what each operator does and give an example of it being used. | 
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Constants and Variables 

Now that you know about the different data types and operations it’s time to look at constants and variables. 
As you can probably tell by the names, constants remain the same and variables can be changed. 

1) Data values can be stored as constants or variables. 

2) The name of the constant or variable is linked to a memory location that stores the data value. 

The size of the memory location depends on the data type (see p.63). 

3) A constant is assigned a data value at design time that can’t be changed. If you attempt to change 
the value of a constant in a program then the interpreter or compiler (see p.92) will return an error. 

4) Variables on the other hand can change value which makes them far more useful than constants. 

5) Constants and variables often need to be declared (at the start of the program) 
before you can use them. This can be done in different ways: 

‘pressure’ declared as a eee Oats are assigned values 

constant with integer type ———— Const pressure as int = 30 when they're declared. 
var temperature as real = 20. 5S —+—__| ney b dt 

‘temperature’ and ‘weight’ declared nitial values can be assigned to 
P 3 ——” ee weight as rea] <————_—________ variables (but they don't have to be). as variables with real type 

These lines of code do To make code easier to follow, programmers 
exactly the same as the lines usually follow standard | 

for constants and variables. E.g. ‘lower case 
for the first letter, followed by a mixture of 
letters, numbers and underscores.’ oy 

const pressure = 30 

real temperature = 20.5 

real weight 
above — temperature and 

weight are still variables. 

FEXAANPLE:) In a multi-event athletics competition, athletes get 5 points for winning 
an event and 2 points for coming second. Otherwise they get 0 points. 
This program calculates the total number of points that an athlete has. 

firsts = input("Number of 1st places.") 

seconds = input("Number of 2nd places.") 

PrintCs | *sfilresitisee2 eseconds) 

a) Rewrite the program so that all the variables are declared with data types and initial values. 

Int hi nsts 

int seconds = 0 

firsts = input("Number of lst places.") 

seconds = input("Number of 2nd places.") 

print(s~ firsts + 2° seconds) 

The two variables are firsts and 

seconds. They should both be 
declared as integers as there 

are a whole number of events. 

The initial value of each 

variable is set to O. 

b) Give two reasons for assigning the values 5 and 2 to constants. 
This is an example 

‘ of improving the 
* If the points awarded for each event was changed you'd only need maintainability (p.89) 

to change the value given in the declaration of the constant. of the program. 

* They don't need to be changed during the running of the program. 

A constant, a variable... and finally a constant. Time starts now... 
You can’t change the data type of a variable, only the value. int cost = 50 
But as you saw on p.64 you can use a casting function to return string cost_string 
a different data type, which you can then assign to a new variable: cost_string = str(cost) 
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Strings 

Remember from page 63 that strings are a data type made up of characters — these characters are 
alphanumeric (letters, numbers, spaces, symbols, etc.). Now you'll see how you can manipulate them. 

a 

Strings are usually written inside double quotation marks ”, stringl = "Print me, I’m a string." 
but sometimes single quotes are used ’. print(stringl) 

Print me, I’m a string. 

Strings can be joined together to form stringl = "My favourite colour is" os + operator ea 

new strings — this is called concatenation. string2 = "purple." sae asus 
It's often done using the + operator. new_string = string! + © | + string2 = A space character has 

print(new_string) been added between 

My favourite colour is purple. the two strings. 

1) Before getting started on string manipulation you should know 
that the characters in a string are usually numbered starting at 0. —== 

2) Here are some common string manipulation functions 

that you'll need to learn for your exam. 

T i al f ti Ase i ypical function Operation upper, lower, length and 
Changes all characters in string x to upper case. subString are special functions 

x.lower Changes all characters in string x to lower case. called methods. They act on a 
particular object (in this case 

strings) and are called using 

the object's name followed by a 

FEXANAPLE: ] An electricity company generates a customer’s 7 character username from: 
e the first 3 letters of their town as uppercase letters. 
e the customer’s age when they sign up (2 digits). 
¢ the first and last letters of the customer’s surname as lowercase letters. 

Write an algorithm to generate a username for any customer given that 
their data is stored under the variables town, age and surname. 

x.length Returns the number of characters in string x. 

x[i] Extracts the character in position i from string x. x[1] ="e 

x.subString(a, b) 

Start by working out how to extract the information from each variable... 

1) [town.subString(0, 3).upper This extracts the first 3 characters from the 
customer's town and makes them uppercase. 

2) == Casts (p.64) the customer's age as a string. 

3) | int n = surname.length Finds the length of the surname so that it can take 

surname[0].lower + surname[n-1].lower the first and last characters and make them lowercase. 

... then combine the code into a single algorithm at the end. 

string username 

int n= surname. length 

username = town.subString(0, 3).upper + str(age) + surname[0].lower + surname[n-1].lower 

eS 

It's important that you know the string manipulations on this page — the examiners might throw 
some different ones at you in the exam. Luckily they'll also show you exactly how they work. 

(axa | hope you don’t just think I’m stringing you along... 

a 
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Warm-Up and Worked Exam Questions 

Warm-Up Questions 

1) What is the most appropriate data type for each of these items? 
a) The nickname of your best friend. b) The number on a rolled dice. 
c) The exact length of a car in metres. d) The answer to a yes/no question. 

2) Work out the results of the following arithmetic operations: 
ase "s b) 10=MOD*3 Cy. 428~DIV “6 d)- SB +A2BSAB 

3) Will the following pieces of code return true or false? 
a) 6 <= 10 b) 5 = ag IY. pes Uh dpi? <a +5 

What's the difference between a variable and a constant? 

Given that fish = "lobster", state what would be returned from the following methods: 
a) fish.length b) fish.subString(0, 3) 

c) fish.upper d)-fishasubStmingt(2, 3) 

Worked Exam Questions 

1 The program below calculates the cost of a burger in pounds at a fast food restaurant. _ 

A standard burger costs £6.50 with additional costs for toppings and eating in the restaurant. 

const standard = 6.5 a) List all the variables in this program. 
int toppings = 0 ; : 

bool eat_in = false toppings and eat_in 

toppings = input("How many toppings?") 
eat_in = input("Are they eating in?") 

if eat_in == true then b) How much extra does it cost to eat ; Pentre ecm 
Br Cee a Oe Seale your burger inside the restaurant? 

Si Pei 

print(standard + 0.5*toppings) 

endif 

[1 mark] 

c) The restaurant manager says that 0.5 should have been declared as a constant. 

Give two reasons for declaring this value as a constant. 

You could also mention that giving the value a name, 

e.g. toppingsCost will make the code more meaningful. 

A digital radio stores the date as a string under the variable name date. The radio is stuck 
on the date: 8 January 2016. State the output from each of the following pieces of code: 

a) date.subString[0] + date.subString(10,4) 

They are strings so use string 
‘ il} “ oe 

Mean PACs concatenation instead of adding them. 

b) date.subString(2,3).upper 

Section Five — Programming 

That's the first part of programming done — have a go at these questions to see how much you've understood. 
ica 



=> e-leamOlir-ciaie) at 

A pedestrian crossing uses a button to request the traffic to stop. State the data type 

that you would use to record each of these variables and give a reason for your answer. 

a) A variable to record whether the button has been pressed or not. 

FARR meme mamma reese eee eee EHH EH SHEE EEE HOSE EEE EEE EEE EHEE EES EEE SEH ESE OEE EEE EEE HEHE EEE EEE EEE HHH EHE HEHEHE HEHEHE HEHE EEEH EEE HEE ES 

[2 marks] 

b) A variable to record how many whole seconds it’s been since the button was pressed. 

Data Cc: SIra ete rer Menara alee late cee ele oteleteteletate ole etal state ate al -tetereteletetetetetertaislelatelnleinieleteteeleietetsie(elas|sfelsie eeipielele\sins\elalsisieiie'eleleie(eineisteisieWaereleeieaeials «inatsivislereraiciaias eee 

BS COS OU ea tree teas ene sid nec eee RECENT RT Cesena oot foiled cell cdvocededvoubsbactansaseaseveraee 

[2 marks] 

4 The program below calculates the value of an investment at the end of one year. 

eee mre iaan Identify two problems with the constants 

real rate or variables in the program. 
int interest 

input investment 

input rate 

nomex ——l to 12 

interest = rate * investment 

investment = investment + interest 

next x 0 Cece viecicccccvcceccicccicccecc ese c cece cece cncce cece lees ceccesccescccccccscccececceoccee 

print(investment) 

PCr eereeee eer rer rere ere ere rrrerrerrerreereerr rrr rere ere rr errr errr errr errr rere eee errr 

CeCe H meme e meee eee ae seer eT HOH HEHEHE HEE H ESE EEESEEHSES EES HESEEE SEES EESSESEESEEEH EEE EEEED 

Pee meee meee e eee eee eee e ee eee eee EEE E EEE Es EES HEE EEEHEE HES EEE EES EEE EEE EEE EEE SEES EEE HEED 

A juice company generates a product ID for each of its fruit juices. The product ID is 

generated using string concatenation on the first three letters of the fruit (in uppercase) 

and the volume of fruit juice in ml. E.g. a 500 ml carton of apple juice would be APP500. 

a) Define what is meant by string concatenation. 

PRR eee ee eee Hee eee eee EEE EEE EH HEHE EEE EEE HEHEHE EES OEE EEE EEE EEE ESE EEE EES EES EEE EEE ESEH EEE HEHEHE EEEESESEEE EEE EEE EEEEEEHSEEHEE HEE E SHEE SHEE HEHEHE ES 

ee ee eee eee eee eee eee eee ee ee eee eee eee ee ee Eee eee eee erry 

c) Complete the algorithm below so that line 05 reassigns the uppercase name of the fruit 

to the fruit variable and line 06 assigns the final product ID to the prodID variable. 

string fruit, prodID 

02 int volume 

03 fruit = input("Enter the name of the fruit.") 

04 volume = input("Enter the volume of the juice.") 

CORR eee eee eee HEE Eee EEE HEHE EHH EE HEH EEE EES EES EES EEE HES EEE SEES EES EEE HEE HEHE SES SES ESE SES EEEHHEEEEESEEH EEO ES HOES EEE SES EEE EEE EES 

POOR R Reem eee ee eee eee ee eH HEHE EEE EEO OEE HEH HEE EEEEEEHES SESE EEEH EEE HEHEHE EEE HEHEHE EEE EEEEEEEEEEEEHHEE OEE EEO EEE HEHEHE EE EES 

[3 marks] 
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Program Flow 

The flow of a program is the order that the steps are carried out in. You can control the program flow using 
selection statements — there are two main types to learn, IF statements and SWITCH-CASE statements. 

3) 

If you understand IF statements then make yourself a brew... 
One good thing about IF-ELSEIF statements is they’re very neat, everything is indented to the same line. 
Lots of nested IF statements with many levels of indentation can cause readability problems in your code. 

IF statement is the condition xX = input("Enter the passcode.") 

IF statements allow you to check if a condition is true or 
false, and carry out different actions depending on the 
outcome. You can think about them as a flow diagram. a 

Here is a program that can verify if the user 
= 

knows a certain passcode before granting access. 

Allow unrestricted recipi all 
access. ( stop _) access. 

Alowounpastractedeaccece The part after ‘then’ tells the program 

Indenting the actions or “tise what to do if the condition is true. 

each condition makes Deny all access. ¢——___ The part after ‘else’ tells the program 
the code more readable. endif 

The first part of the string x 

that must be checked. iF Xe —eGOemehen 

what to do if the condition Is false. 

If there is nothing for the program to do when the condition is false, leave out the ‘else’ part. 

More complex IF statements can be made by putting one IF statement inside 
another one — this type of selection statement is called a nested IF statement. 

Nested IF statements allow you to check more conditions 
once you've established that the previous condition is true. 

string x 

xX = input("Enter the passcode.") 3 
lf the first condition is true, it Hit ~ == ineoNeenen If the second condition 

will check the second condition. Hit usertype == “Teacher™ thenea<———— is true then unrestricted 

access is allowed. 
1 Allow unrestricted access. 

' 
1 

If the first condition is false, re] se 

it will run this else statement pn Allow restricted access .<—————— |f the second condition 

— all access is denied. a iendi f is false then restricted 

jelse access Is allowed. 
Indentation lets the reader see where I Deny all access. 

each IF statement begins and ends. endif 

IF-ELSEIF statements can also be used to check multiple conditions. They are different from 
nested IF statements as they only check more conditions if the previous condition is false. 

i “if usertype == "Teacher" then «——— The first condition is always checked — if 
The conditions AYiow unrestricted actees: it's true then it will allow unrestricted access. 
are all indented 1 ’ a + elseif usertype = Parent =+—___ 

to the same level. chen The second condition is checked if the 
All ] jf al it 

sabes Ss restri ‘s an es first condition is false — if it's true then 
jelseif usertype == "Pupil" then ae : 

2 it will allow level 1 restricted access. 
I Allow level 2 restricted access. 

oe ! . “7 . . 

If all conditions are else The third condition is checked if the first 

false then the program + Deny all access. and second conditions are false — if it's true 
will deny all access. endif then it will allow level 2 restricted access. 
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Here are the SWITCH-CASE statements and the first type of iteration statement — FOR loops. 

1) Instead of checking to see if a statement is true or false, 

SWITCH-CASE statements can check if a variable has specific values. 

Who will 
you vote for? 

Add one 

vote for Sue. 

2) They’re used when you want a program to perform John 
different actions for different values of the same variable. 

Add one vote 

for John. 

Alan 

Add one vote 

for Alan. 

3) Here is a program that can be used to count votes in an election. 

The number of ——® int johnvote = 0, suevote = 0, alanvote = 0 

votes for each string vote 

person starts at O. vote = input("Please cast your vote") 

switch vote: iis The statement starts with 
case "John": ‘switch vote’ which uses 

If John is selected, add 1 johnvote = johnvote + 1 the parameter ‘vote’ to 
to his vote and print print("You’ve voted for John.") decide which case to use. 

"you've voted for John." case "Sue": 
suevote = suevote + 1 

print("You’ve voted for Sue.")<——____ 

case "Alan": 
Each ‘case’ should —— J; 

; alanvote = alanvote + 1 
be indented to print("You’ve voted for Alan. "yq—__|f Alan is selected, add 1 to his vote 
the same place. dcuiech and print "you've voted for Alan." 

If Sue is selected, add 1 to her vote 

and print "you've voted for Sue." 

4) SWITCH-CASE statements have a similar structure to IF-ELSEIF statements but they give a neater way 
to test different values of a variable — this makes them easier than ELSEIF statements to maintain. 

5) The drawback of SWITCH-CASE statements is that they can only check the value of one variable. 
IF-ELSEIF statements can check if multiple conditions are true. 

: : ; int johnvote = 0, suevote = 0, alanvote = 0 

fixed number of times. The number of times that string vote 

the code repeats will depend on an initial value, for kK = 1 to 100 
end value and the step count. vote = input("Please cast your vote.") 

2) For example, for k = 1 to 10 step 3 will count up SURE UNCLE: 
from 1 to 10 in steps of 3,sok=1,k=4,k=7 SEG et eee 

and k = 10. If no step count is given the count : : 
ae hui Hi print("You’ve voted for John.") 

WII Increase y each ume: " ", 

The FOR loop repeats the et ae 
Yeo! 1 ' suevote = suevote + 1 

code between ‘for’ and ‘next. ; . 
; print("You’ve voted for Sue.") 

3) The number of times the loop repeats can also Pa Sent ataites 
be set as the program runs — e.g. for k = 1 to x, aPanvoteln Ianiveterce 

where x is a variable. print("You’ve voted for Alan.") 

4) FOR loops can also use the count within the loop endswitch 
— in the example on the right, k is used to keep Dig Bet Ores have, Pec cast. 2 
track of how many votes have been cast. 

Ps Allows 100 votes to be cast. 

next k 

The value of k can be used Many programming languages don't use ‘next’ but it's ion 
anywhere within the loop. used in pseudocode to make the code more readable. 

fe Use FOR loops when you know the number of repetitions... 
Gan In your exam a SWITCH-CASE statement might include a "default:" case. This tells the program 
ete what to do if none of the other cases are correct — it helps to make the statement more robust. 
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Program Flow 

Here are a few other loops that you need to know about — the DO UNTIL loop, the WHILE loop and 

the DO WHILE loop. Like FOR loops, they are all iteration statements — they repeat a part of the program. 

__ - You might also see a REPEAT UNTIL loop — 
DO UNTIL, WHILE and DO WHILE loops are easy to get mixed up — thi, dows the same thing as a DO UNTIL loop. 
they’re very similar but with subtle differences that you need to know: 

Part of the 
program to repeat 

Is the condition 
true? 

Yes 

Controlled by a condition at the end of the loop. 

e Keep going until the condition is true (i.e. while it is false). No 

e Always run the code inside them at least once. 

¢ You get an infinite loop if the condition is never true. DO UNTIL 
Mele) 

Controlled by a condition at the start of the loop. 

Keep going while the condition is true (i.e. until it is false). 

e Never run the code inside them if the condition is initially false. 

¢ You get an infinite loop if the condition is always true. 

Yes 

Part of the 

program to repeat 

WHILE Mele) 

TT Part of the. 
mere ° Controlled by a condition at the end of the loop. program to repeat 

: O ¢ Keep going while the condition is true (i.e. until it is false). sie 

fom © Always run the code inside them at least once. = 
O -! Wi ey i J Fe Is the condition 
Q e You get an infinite loop if the condition is always true. ee 

No 

FEXAMPLE: J Write an algorithm that a supermarket self-scan machine could use to check 
if enough money has been fed into it and output the right amount of change. 

DO UNTIL Loop: WHILE Loop: DO WHILE Loop: | 

int total int total = 0 int total 

int cost, coin, change int cost, coin, change int cost, coin, change 

cost = total cost in pence cost = total cost in pence cost = total cost in pence 

do while total < cost do | 

coin = input("Value of coin") coin = input( "Value of coin") coin = input("Value of coin") 

Coca i= totale corn total = total + coin total = total + coin 

until total = cost endwhile while total < cost 

change = total - cost change = total - cost | change = total - cost 

output change output change output change ; ; iz 

The loop starts at ‘do’ and ends when The loop starts by checking the ‘while’ The loop starts at ‘do’ and repeats until 
the ‘until’ condition is true — when the condition is true and keeps repeating the ‘while’ condition is false — when the 

total is greater than or equal to the cost. until it is false — when the total is total is greater than or equal to the cost. 
greater than or equal to the cost. 

fe ASS CE BRA Fd . 2 RS ee 

All of these loops in the example above work exactly the same when cost > 0. 
If the cost is 0, the WHILE loop won’t expect an input, whereas the DO UNTIL and DO WHILE loops will. 

Keep looping through this page until it’s stuck in your head... 
As well as learning what each loop does, you should learn the difference between the 

SW different loops. The key thing is recognising exactly when the loop will start or stop. 
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Boolean Operators 

Boolean operators work with Boolean values to produce a Boolean answer. 

1) It doesn’t make sense to use the arithmetic operators on things that are either 
true or false so instead you use the Boolean operators AND, OR and NOT. 

Boolean operator Examples that return true | Examples that return false : 
In some code you might see 

AND 3<5 AND 2>1 4<=5 AND 10>20 isi etelcda cate 
OR 1>8 OR 2 == =o ORe 9 29 OR written as || 

NOT NOT(S > 8) NOT(10 > 6) and NOT written as ! 

2) Just like with numerical operators, you can combine Boolean operators — it’s important that 
you use brackets in long Boolean expressions to let the computer know which part to do first. 
Boolean operations are carried out in the following order: brackets, NOT, AND then OR. 

Boolean operators can be used to make all the different selection statements 
and iteration statements (p.70-72) more efficient and versatile. 

FEXANNPLESS !. Karen and Stu are playing a ‘best out of 10’ game. The game 
should end when one of them wins 6 rounds or they both 
win 5 rounds. Write an algorithm to keep score in the game. 

int karenrounds = 0, sturounds = 0 

string roundwinner 

do There is a SWITCH-CASE statement within the loop. 
switch roundwinner: 4 J),. is where good indentation in your pseudocode is key. 

case "Karen": 
karenrounds = karenrounds + 1 The DO UNTIL loop stops when 

Case Stu: 

sturounds = sturounds + 1 

endswitch 

until karenrounds == 6 OR sturounds == 6 OR (karenrounds == 5 AND sturounds == 5) 

one of these three conditions is met. 

Z. Inacomputer game a character's status depends 
on three variables: hunger, hydration and comfort. 
If any of the conditions on the right are met then 
the character dies, otherwise they are alive. 

Write an algorithm to work out the status of the character. 

¢ Any of the variables are equal to 0. 
e Any two of the variables are less than 20. 
¢ All three of the variables are less than 40. 

bool alive 

if hunger == 0 OR hydration == O OR comfort == 0 then 

alive = false 

elseif (hunger < 20 AND hydration < 20) OR (hunger < 20 AND comfort < 20) 

OR (hydration < 20 AND comfort < 20) then 

alive = false 

elseif hunger < 40 AND hydration < 40 AND comfort < 40 then 

alive = false 

else 

alive = true 

endif 

The Boolean operators are AND, OR and NOT... 
Using Boolean operators can save lots of work by letting you check lots of conditions at the same time. 
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Warm-Up and Worked Exam Questions 

Time to see if all that information is sinking in. Have a go at these warm-up questions then read ' i 
through the worked exam questions before having a go at the questions on the next page yourself. 

~) @ 
i oe a = 

For each of the following, say if it is selection or iteration: 
a) DO UNTIL b) IF-THEN-ELSE c) SWITCH-CASE 

d) DO WHILE e) IF-ELSEIF f) WHILE 

2) Give one difference between a SWITCH-CASE statement and an IF-ELSEIF statement. 

3) a) Name a type of a count-controlled loop and a type of condition-controlled loop. 
b) Explain the difference between the two loops given in part a). 

4) Decide whether the following Boolean expressions are true or false: 
a) 12>4AND8==5 b) SNOT(11 ==3) 

c) 12 <=4OR TOs 5 d) NOT(9>4AND5 < 2) 

1_ A garden centre has a climate monitoring system that gives warnings if the temperature and 

humidity aren’t at suitable levels. The climate monitoring system contains this algorithm. 

if humidity == 50 AND (temperature > 16 AND temperature < 25) then 

print("Humidity and temperature at acceptable levels.") 

elseif temperature <= 16 OR temperature >= 25 then 

print("Warning — Please alter the temperature." ) be 

else if 

print("Warning — Please alter the humidity.") e 

endif wes 

a) What will the output be if humidity = 30 and temperature = 16? 

TORO e eee Hee Hee RTH HEHEHE THEE EET EE HEE HEE HEE HEHEHE EEE EEE EEEEEEEEEEEEEE HEHEHE EEE EEH ESE EHH EEE EE HEHE HEHEHE SEES EE HEE HEHEHE EEE EE EEE ES 

b) What will the output be if humidity = 30 and temperature = 

TERM Oem eee eee eee eee HEH EEE eE TEE HEE H EEE HE EEESESEEH EEE HEHEHE SEES HEE DESH EE HEE EEE EE HEE HEEEEEHEE EE EEE EEE EEE EEEES ESE EEE EES ES EEEEEE EEE EEEEEEEE EE EEE EES 

Salik needs a program that will ask users to create a password and then 

check if the password contains at least six characters. If it contains fewer 

than six characters the user must try again, otherwise the user is informed 

that their password is valid. Write an appropriate program for Salik. 

tring password 
practd Using a DO UNTIL or 
do DO WHILE loop will mean 

that the code in the loop always 
password = input("Please enter a password") runs through at least once. 

until password.length >=6 

print("Your password is valid") 

[4 marks] 
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=> elagmO@lecsjarelat 

Jasminda has written the following program to convert minutes into hours and minutes. 

int minutes, hours, mins 

minutes = input( "Enter a number of minutes") 

hours = minutes DIV 60 

mins = minutes MOD 60 

Drinttstrchours) +. shouirms and, " + str(mins) +.” minutes”) 

a) Is this an example of a sequence, selection or iteration? Tick the correct box. 

Sequence | Selection Ea Iteration ct 

[1 mark] 

b) What would the program print if the input was 150? 

Seem meee eee Hee eee EEE EEE EE HEHEHE HHH HEE HEH HEE H EEO EE EEE HEHE HEE EEE SESE EEE OE EEEHEEH EEE EEE EOE EEEHEEHHHH HEHEHE EEE SESH HEHEHE EEE HEHE EES 

An electric heater has four temperature settings (0, 1, 2 and 3). 

The code below controls the temperature of the heater. 

a) Rewrite this program using a different selection statement. 
int setting, temperature 

switch setting: An ELSEIF statement 
case 3: will help you check 

temperature = 50 lots of conditions. 
Gaseyc: 

temperature = 30 

case 1: 

temperature = 20 

case 0: 

temperature = 0 

endswitch 

FRR em eee eee eee eee HEHEHE HEH HEH HEHEHE EEE HEHEHE HEE EEE E EEE EEE EEE EES EE SEE SEES EES EEE ESE EEE EEESEEE HEHEHE EEE HEEHEEHEEH EEE EEE EEH HEHE EEE E OEE EHE EEE 

HAR m meee eee eee ee HEHEHE EH HEHEHE HHH SHEE HEHEHE EEE EEE EEHEEEEEH HEHEHE ESE ESE EEE HEEHEEHESEESEESH SEH OEE HEHEHE EH ESEHEEHEEH EE HEHEHE OTHE EE EES 

[2 marks] 

A tumble dryer will only be allowed to start if all of the following conditions are met: 

¢ the real variable weight is more than 1.5 and less than 15.0 

¢ the boolean variable doorClosed is true. 

Write an algorithm that checks these conditions before allowing the tumble dryer to start. 
[3 marks] 

Karl and John are playing snap. Write an algorithm that: 

* Asks for the name of the winner of each game. 

¢ After ten games checks who has won more and displays 

the winner’s name or tells them that it’s a draw. 

[6 marks] 

FO ROE POE CREO TE 
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Arrays 

When you need to store data within a program you can do it using variables. But if you have lots of 

similar data to store, then using variables for each one is inefficient and that’s where arrays come in. 

1) An array is a data structure that can store a collection of data values all under one name. 

2) Each piece of data in an array is called an element — each element 
can be accessed using its position (or index) in the array. A data structure is a format for 

storing data — other data structures 

include records, files and databases. 
3) Arrays are most helpful when you have lots of related data that you 

want to store and it doesn’t make sense to use separate variables 
— e.g. the names of pupils in a class, marks in a test, etc. 

4) Just like variables, some languages require you to declare arrays before you use them. 

The easiest way to get your head around one-dimensional arrays is to picture them as lists. 
Different languages have lots of fancy ways to create and update arrays. 
Here are the ones you'll need to learn for your exam: 

1) Creating arrays — the first line of the code on the right creates the See ee ae 
. . . F; 

= "M Ke 

array ‘rowers’ and makes it size 4 (it can only contain 4 elements). nowensho] f ne " 

The other lines assign the strings “Mark”, “Adam”, “Shelly” and rowensl Ligatrieem 
i, Ea de 8 8 ‘ panes rowers[2] = "Shelly" 
Tobias” in positions 0, 1, 2 and 3. rower$O3] kee Sibi ace 

2) Retrieving elements from an array can be done by print(rowers[0]) 

using the name of the array and the element's nestor print(rowers[2]) 

Remember that positions are numbered starting at 0. 
Shelly 

3) Changing elements is done by reassigning the array position to a different data value. 

Replaces the rower in —_——» rowers[0] = “Tamal" 

position O with "Tamal". print(rowers) Notice that "Mark" has been 
completely removed from the array. 

Litamal =e Adame. ssnel ly. jeu lObidsanl 

Combining these array functions with FOR loops (see p.71) will give you a systematic way 
of accessing and changing all of the elements in an array. Amongst other things, FOR loops 
can be used to search for specific elements, or make a similar change to lots of elements. 

FEXAMAPLE: The numbers below are stored in an array called scores[ ]. 
Write an algorithm that will add 3 to each number of the scores[ ] array. 

MEA ee Ae a se oe 2 ole 
for ke=F0— tors 

scores[k] = scores[k] + 3 

next k 

For loop will run on each 

element of the array. 
Adds 3 to the element in 
position k of the array. 

AARNE ATV Se DR RRS | et ae NRE SAE RE NTI EAL NS AE 

( \hink of one dimensional arrays as lists of similar objects... 
In some languages (e.g. C, C++, Java™) you'll find that arrays can only store one data type and 
that you can’t change their size once they’ve been declared. For the programming language 
you're using, check if it uses arrays and look at what properties they have in that language. 
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Now that you’ve covered one-dimensional arrays, the only way is up — that’s right, two-dimensional arrays. 
Arrays can have even more dimensions, but luckily the examiners have decided that two is enough for now. 

You can think of two-dimensional arrays as one-dimensional arrays a 

where each element is also a one-dimensional array. eee oak | ash | 

BE beech | cedar 
BM pine [im 

You can visualise 

trees = [L"oak", Mash]; ["beech", "cedar"], E"pine” , "elm"]] arrays as tables 

Wo“ or ="rids. 

The position of an element is usually written 
as [a, b] or [a] [bl], where a represents the print("Ceara’s favourite tree is" + trees[0, 0]) 

position of the one-dimensional list that the pesppemrape geile tree 1s)» tpeesl2s. 11) 
element is in and b represents its position Ceara’s favourite tree is oak 
within that one-dimensional list. pete ops ourl te: tree ts.8hm 

You can also change elements in exactly the same way as you saw for one-dimensional arrays (p.76). 

FEXAANPLE:) The ‘scores’ array has been used to store four test 
scores for five pupils, as shown. E.g. scores[2, 0] 
will return the test 2 score for pupil 0, which is 5. 

a) What will each of these return? ‘ 

hm, 
The entry in row 1 and column 3 is 14. : meee | 4 12 | 7 13" 

(ii) scores[3, 2] / scores[1, 0] fem 6 | 8 | 18 [19 15) 

scores[3, 2] = 18 and scores[1, O] = 2 so scores[3, 2] / scores[1, O] = 18/2 = 9 

(i) scores[1, 3] 

b) Write an algorithm to count the total score of any given pupil. 

; int total 
As there aren't very many scores you could int pupil 

just add them together. E.g. for pupil O pupil = input("Enter the number of the pupil.") 
you could do scores[O, O] + scores[1, O] + for 4 =/0 to 3 

scores [2, O] + scores [3, O]. But it's better total = total + scores[i, pupil] 

practice to use a loop as it is easier to edit. next i 

print total 

c) The pass mark on every test was 9 or above. Write an 
algorithm to count the number of passes in the original array. 

The passtotal variable keeps track 
of how many values are passes. 

int passtotal = 0 

DORs" 0? to 3s 

for j = 0 to 4 

if scores[i, j] >= 9 then 

passtotal = passtotal + 1 

endif 

next j 

next i 

print str(passtotal) + " marks were passes." 

This is an example of 
a nested FOR loop. 

The i FOR loop searches each row and 

the | FOR loop searches each column. 

The IF statement checks if the 
value in position [i, j] is a pass 
and adds 1 to passtotal if it is. 

Finally passtotal is printed. 

ESE SES Se 

Two-dimensional arrays are really just an array of arrays... 
Two-dimensional arrays can be used to store information about a digital image — each pixel’s information 
can be stored as an element in the array. Programmers can then manipulate the image using array 
commands, e.g. changing the values of pixels, cutting rows and columns out of the image, etc. 
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File Handling 

File handling is all about how a program can access data and change data stored in an external file. 

This page will focus on how text is 
stored and accessed from "txt" files. 

Other text files that are commonly 

used are "csv" and "dat". 

eh. co 

1) Before you can do anything with a file you need to open it. 
This is done by using an open command and assigning it to a variable. 

openRead will open the file in This is the name of the file you 
read mode — this allows you to read want to open. Sometimes you'll 
data from the file into your program. have to give the whole file path. 

newFile = openRead("newFile.txt") 

newFile = openWrite("newFile.txt") Some programming languages 
have other modes that allow 

openWrite will open the file in write mode — this you to do things like read and 
allows you to write data from your program to the file. weite at Ae sale te 

2) Once a file is opened the program will start reading or writing from the beginning. As you 
read from or write to the file, the program keeps its place in the file (think of it like a cursor). 

3) When you're finished reading or writing to a file you should always close it using close(). 
If you forget to close it then the file can remain locked and prevent others from editing it. 

1) After you have opened a file you can read or write to it depending on what mode it’s in. 

2) You can write lines of text to a file using writeLineQ). If the file already contains 
some text then writeLine() will overwrite what is currently there. 

winners = openWrite("victory.txt") 

The-wiitel:nescolaesandiee, mere =) i CNN Veusiem CallOSeameuNd tibycemmUAn dial The text file will 

called on the variable that Om OMC OMS look like this. 

stores the external file. t————® winners.writeLine(str(i) + " " + names[i]) 

next i 

winners.close() 

0 Jenny 

1 (Garis 

2 Matty 

3 Anna 

The writeLine command will automatically move onto the next line after it is called. 

3) You can read lines of text from a file using readLine(). 

Reads the first line of the text file winners = Reads the second line of the = Read("vi W ; 
| Hi , ah Reece Eo a gee Lik 2 file as that's where the program 

as programs always start reading ———» first_line = winners.readLine() 

from the start of the file. After this second_line = winners.readLine( )<——— 

command is called, the ‘cursor’ will be winners.close() 

is up to. After this command 

is called, the ‘cursor’ will be at 

at the beginning of the second line. the beginning of the third line. 

array champions[] 
4) endOfFileQ is another useful command that re 0 

you'll have to know for your exams. It returns winners = openRead("victory.txt") 
TRUE when the ‘cursor’ is at the end of the ———==s while NOT winners.endOfFile() 

file. It’s main use is to signify when a program champions (hy a0 = 
should stop reading a file (like in this example). eros Hh 

endwhile 

print(champions) 

Learning to read and write, it’s like being back at primary school... 
Data is stored externally so that it’s not lost when the program is closed. E.g. a computer game will save 
your progress externally — if it was saved internally you’d lose your progress when the game was closed. 
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Storing Data 

Records aren’t just those big black round things that look like burnt CDs, they’re also a useful data structure... 

‘recipes’ record structure. 

l SUT tig, 
= In the context of a database 
— table, a record is just a row 

A record is a type of data structure (like an array — see p.76), = of data (see next page) 
which means that it is used to store a collection of data values. LUV T UNE T LEE L LN PLANS 

0) a 

One of the things that makes records so useful is that, unlike arrays, they can store 
values with different data types (see p.63), such as strings, integers and Booleans. 

Each item in a record is called a field, and each field is given a data type Different programming 

and a field name when the record is created. The field name can help to languages have slight variations 
describe the data stored in that field of the record. on record data structures. 

E.g. Python has dictionaries, 

and C has structures. 
Records are fixed in length, which means that you can’t add extra fields 
to them once they've been created. 

When you create a record structure, you Can record recipes <———— he record is called ‘recipes’. 
assign a data type and a name to each field: int recipe number 

string recipe_name~q__ ‘recipe_number'’, 'recipe_name’, 

Each field has its ———- bool tested ‘tested’ and ‘score’ are the 

own data type. int score fields of the record. 
endrecord 

Once you’ve created the structure of your record, you can assign it to variables: 

The data in each field needs 

to have the correct data type. 

g. the last one, ‘score’, 

should be an integer. 

fecipell, eae _  _=Precipel = recipes(i..— Chocolate Cake", .1rue.,. 3) 
and ‘recipe3' are all 
variables with the 

recipe2 = recipes(2, "Lemon Slice", False, 0) 
; : " * " bers E recipe3 = recipes(3, "Coconut Cookies", True, 8) 

You can use the variable name to access a whole record. Alternatively, you can use 
the variable name along with a field name to access a particular item of a record. 

print(recipel) recipe2.tested = True 

print(recipe3.recipe_name) 
Individual items 

in a record can : ‘ : i (1, "Chocolate Cake", True, 3) Said sd Aedeoe print(recipe2.recipe_name + " has a 

Coconut Cookies score of " + str(recipe2.score) ) 

Lemon Slice has a score of 6 

— recipe2.score = 6 

and changed. 

If you have multiple variables with the same record structure, you can collect them in an array. 

array recipeBook = [recipel, recipe2, recipe3] 
You can visualise the recipeBook array as a table: 

number name 

next i 

Coconut Cookies 

if recipeBookLi].score >= 7 then . the names of 
' Chocolate 

print(recipeBook[i].recipe_name) all recipes with Cale 
endif a score 2 We 

Coconut 

You might see records presented differently to this, but the key concepts will be the same. 
You'll still need to understand what records and fields are, and how they are used in programming. 

eS Well, we got through all that in record time... 

EE 
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Searching Data 

Structured Query Language (SQL) can be used to search tables (usually in a database) for specific data. 
When we talk about the records and fields of a database table we just mean the rows and columns. 

=e ees 
a * << 

In SQL, the SELECT keyword is followed by the names of [Ry sR 
the fields (columns) you to want to retrieve and display. ID hotel_name hotel_rating rooms bathroom price_in_pounds 

Then the FROM keyword is followed by the name Water Lodge | 50_| En-suite |“ "42 | 
of the table (or tables) you want to search. |2|__Fireinn | 4.2 ER CLES 

4.4 215 En-suite | 39 Earthen House 

SELECT hotel_name <#—This returns hotel_name for all 3.5 ve Shared _| 57 

FROM hotels the records in the table hotels. 3.8 180 | Shared | 46 

SELECT hotel_name, hotel_rating <—— This returns hotel_name SELECT * <— If you want to return 

FROM hotels and hotel_rating for all the FROM hotels all the fields, you can 
records in the table hotels. use * as a wildcard. 

1) The WHERE statement is used to specify conditions that a record must satisfy before it is returned. 

SELECT _* FROM hotels WHERE hotel_rating >= 4.1<—— his condition looks for records with a 
hotel_rating greater than or equal to 4.1. 

¥ is the wildcard character Look in the hotel_name hotel_rating rooms bathroom _ price_in_pounds 

and will return all the fields. table hotels. Fire Inn 4.2 Shared 
Earthen House | 4.4 | 215 | En-suite 

2) The boolean operators AND and OR can be used with WHERE to make more specifi rches. 

SELECT hotel_name FROM hotels WHERE bathroom = "En-suite" AND price_in_pounds < 45 

hotel_name 

Water Lodge | 
Will only select Look in the This condition uses a Boolean operator to check if a hotel 
the hotel_name. table hotels. room has an en-suite bathroom AND is less than £45. 

3) The LIKE statement can also be used with WHERE to search for a pattern. In LIKE statements, 

the % character is used as a wildcard to represent any combination of letters and numbers. 

SELECT hotel_name, price_in_pounds FROM hotels WHERE hotel_name LIKE "%Hotel” 

Will only select hotel_namé Look in the This will look for all hotel names ending 
and price_in_pounds. table hotels. with Hotel. The % character is used to show 

that it doesn't matter what comes before it. 

hotel_name _price_in_pounds | 

Windy Hotel | 57 
Rivero! | <a 

er es 

i 
FEXANAPLE: | Stacey is searching for a hotel that has more than 100 rooms but she 

doesn’t want to stay in the Windy Hotel. Write a search query for Stacey 
that returns the name and price of the hotels that match her requirements. 

hotel_name _ price_in_pounds 

Earthen House 

SELECT hotel_name, price_in_pounds FROM hotels 

WHERE rooms > 100 AND hotel_name != "Windy Hotel" 

This condition finds hotels with more than 

100 rooms AND not called "Windy Hotel". 
- ere ta ae ae Se eee ee ees, 

There are lots of other SQL commands — in the exam you'll only have to know how to 
use the SELECT, FROM, WHERE and LIKE keywords and the wildcard characters * and %. 

eS Tables of data can be searched using SQL... 

<A 
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Sub Programs 

Sub programs can be used to save time and to simplify code. By now you'll definitely have come across 
procedures and functions even if you don’t know what they are yet — all is explained on the next two pages. 

1) Procedures are sets of instructions stored under one name — when you want your program 
to do the whole set of instructions you only need to call the name of the procedure. 

2) Functions are similar to procedures — the main difference is that functions always return a value. 

3) Procedures and functions are very useful when you have sets of instructions that you need to 
repeat in different places within a program. They give your program more structure and readability 
whilst cutting down on the amount of code you actually need to write. 

4) High-level programming languages (see p.92) have common procedures and functions built into them. 
If you want one that does something more specific you can create them yourself. 

5) In most sub programs you'll encounter parameters and arguments so it’s important 
that you know what they are and the difference between them: 

Parameters are special variables used to pass values into a sub program. 
For each parameter you can specify a name, a data type and a default value. 

e Arguments are the actual values that the parameters take when the sub program is called. 

1) ...but they sometimes will. ‘name’ is a parameter. 

procedure welcome() procedure betterwelcome(name) 

print("Hello and welcome.") print("Hello “ + name + " and welcome." ) 

print("Let’s learn about procedures.") print("Let’s learn about procedures." ) 

endprocedure endprocedure 

2) Procedures are called by typing their name (and giving an argument if necessary). 

welcome() betterwelcome( "Pablo" ) +————— The betterwelcome procedure 
Hello and welcome. Hello Pablo and welcome. requires one argument. 

Let’s learn about procedures. Let’s learn about procedures. 

3) Note that procedures don’t return a value. 

1) Functions take at least one parameter and they must always return a value. 

2) When a function is called it should be assigned to a variable or used in a statement 
otherwise the value that it returns will not be stored anywhere and will be lost. 

See p.67 for a reminder 

on string manipulation. 
FEXANNPLE: | Write a function to join two strings together with a space between 

them and show it working on the strings “computer” and “science”. = °n "11nd Mmanipilaion 

A function should function joi inti and 
beers 

always return a value. ————— return x + + y 

endfunction “computer” and "science" 
The result is stored as subject = join_strings("computer", "science" )— 

tne eug enk) the variable ‘subject’. 

computer science 

bt Ol Un kT a i iF a 8 

IATT, 

af Te 

are the arguments. 

ieee 

Functions will always return a value, procedures will not... 
Even though they’re similar, it’s important that you don’t get mixed up between functions and procedures. 
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Sub Programs 

Make sure that you know your procedures from your functions and your parameters from your arguments. 

FEXANAPLE: Orla has been given a maths problem to add together all of the numbers between two 
integers (including the integers themselves) and work out if the total is divisible by 7. 

Write a function that Orla could use to solve the maths problem for any pair of integers. 

The sub program is a 

function as it returns a value. 
function add_integers(x, y) 

int total = 0 

fOr sis XAtony 

total = total i 

next i 

if total % 7 == 0 then 

return true 

else 

return false 

endif 

endfunction 

x and y are the 
parameters of the function. 

The variable ‘total’ is defined 

inside the function so it's a 

local variable (see below). 

The FOR loop is used to add 
up all the integers from x to y. 

The IF statement checks if the total is 

divisible by 7. Remember % will give 
the remainder of a division (p.64). 

1) All variables have a scope (either local or global) — the scope of a variable All parameters have local 
tells you which parts of the program the variable can be used in. scopeito thesub aipggatme 

Local variables can only be used within the structure they’re declared in — they have a local scope. 

Global variables can be used any time after their declaration — they have a global scope. 

2) Variables declared inside a sub program are local variables. They are invisible to 
the rest of the program — this means that they can’t be used outside the function. 

3) The advantage of local variables is that their scope only extends to the sub program they’re declared in. 
They can’t affect and are not affected by anything outside of the sub program. It also doesn’t matter if 
you use the same variable name as a local variable defined elsewhere in the program. 

4) Variables in the main body of a program can be made into global variables using the ‘global’ keyword 
— these variables can then be used anywhere in the program. It can be difficult to keep track of the 
value of global variables in larger programs. 

5) The example below shows how global variables are used to store data outside of the sub program. 

x and y are defined globally — if they 
were declared inside the sub program ee 

; ——_» global x 
then they'd reset to O each time a and b are parameters so they have global y 0 ; 

Sa lol scope to this procedure — they're 
procedure move(a, b) le oe : 

invisible elsewhere in the program. 
The sub program is a ae Ae 

// A sub program to keep track of a character’s x and y position. 

0 

the sub program was called. 

as it doesn't return a value. Yas ae 

PrintGeyou; renin squares] ey StrOOh +) i sec (vee teec ey 

The parameters a and b are added endprocedure 

to the global variables x and y. move(3, 5) 

move(4, 7) 

after the first move and then applies You’re in square (7, 12). 
the second move from that position. 

It's considered good practice to use local variables wherever possible... 
You should be able to identify the local and global variables in a program and use them in your own programs. 
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. ‘That's all the learning done for the programming section — perfect time for some practice. Here are some 
warm-up questions to get you started, followed by a whole bunch of exam questions on the next two pages. 

Explain what the following commands will do with the array footballers. 
a) player = footballers[3] by ffootballersl>] = "Pele" 

Write the pseudocode command that will: 
a) Open a file in read mode. b) Open a file in write mode. 

c) Close a file. d) Read a line of text from a file. 

Give two reasons why a programmer may choose to use a record to store data. 

Explain what each of these SQL keywords should be immediately followed by: 
ej) ELECT b) FROM c) WHERE d) LIKE 

Give three benefits of using sub programs when you are writing code. 

What is the difference between arguments and parameters? 

Frances has written a list of jobs she has to do and 1. Clean my room. 

stored it in the ToDoList.txt file shown on the right. 2. Computer Science homework. 
3. Organise my stamp collection. 

a) Describe what each line of the code below does. 

01 myList = openRead("ToDoList.txt") 

02 print(myList.readLine()) 

03 myList.close() 

openRead(), readLine() and close() 

are three commands you'll need to 

be familiar with for your exams. 

Frances writes the following code to add an extra job to the bottom of her list. 

You'll also need to know myList = openWrite("ToDoList.txt") 

what the openWrite() and myList.writeLine("4. Make lunch for parents.") 

writeLine() commands do. myList.close() 

b) Explain why the code Frances has written will not work as intended. 
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Exam Questions 

Write a function that takes an integer as a parameter and returns 

the difference between the integer’s cube and its square. 
[3 marks] 

A 2D array is used to store the names of the top 3 pupils in each event of a sports day. 

a) What data type should each element of the array be assigned? 

oer eee eee eee eee CeCe eee eee eee eee ee eee eee 

Ree ee eRe eee EERE HEHEHE HEE SEES EE HEHE EE EEE EEE EEEEEEES ESE EEEEEEEE EEE EES HEHEE ESE EESEEHEE HEHE SEE SEE TEESE SETHE EE SEE EES EE EEE ESE EE EES EES 

Ree eee eee Ree EEE EEE EEE EEE EE HEHE EE EEE HEHEHE EEE EE EEE EEE ESTEE HEHEHE EE HEHEHE HEEEEEEEEEEEEEEEEEE HEHEHE HEHE HESS EEE EEE EE EEE SEES 

Reem eee eee eee eee Hee HOE EEE HEHE HHH HEHEHE HEHEHE HEH EEE EEEEEEESEEEEEEEEHEEEEEEEHEEEEEEEE EEE EE HEH EEEES EEE EEHEEHEEHEEEESEE EEE HEE EEEEE EEE EES 

[3 marks] 

4 The cars table below shows some data on the used cars that a car dealership has in stock: 

SQ57 TTW 2300 
NZ12 MBE 5200 

a) How many records does this table have? 

eee eee eee eee ee eee eee ee eee eee) 

b) Explain the difference between a record and a field. 

THEE EEE HHH HEHEHE HOH OEE HEH HEHEHE EE EEE ESE EEHEE HESS HES ESEEEEEEHEEEEEHHE EEE HEHE EEE EEE HEHEHE SEE SEE EEE EEE EEE EES EEE EE HEHEHE HESS ESE EES 

TERRE HEHE EEE EH HEHEHE EEE EEE EEE EEE EEE EEE EEESEEEE EEE EEEEEEEEEEESESEE SES EESEEEEESEEHEE EEE EESEEEEE HEE EEE SE SEE EESEEHEEEEEEEE EES EEEEEEEEEEEEES EEE SEES 

TTT RHEE HEE HEH EHH EEE EEE EEE EEE EEE EEE EEE EEE HEE ESEEESESHEES SESE SES EEEEEEEEH HEHEHE OEE HEE EEHEEEEE EEE ESE SES ESESESES EEE SESS OEEEEESEE ESOS EEE SEES 

[2 marks] 

c) Draw a table showing what would be returned by the following SQL command: 

SELECT Make, Type FROM cars WHERE Registration LIKE "N%" 

[2 marks] 
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=> elas meOlir-yyalelar 

5 John and three of his friends are training to run a marathon. John records how many miles he 

and three friends ran each day last week. John stores the data in a 2D array called distanceRun. 

SPisesriret MIP Sey ar 

eee ce eae sr 0. | 
Ea ae 

6 8 9 

The distance run on day 0 by runner 2 is given by distanceRun[0, 2]. 

a) Write the code to display the distance run on day 4 by runner 3. 

PRR Ree ee eee eee EHH E HEHEHE EEE EEE HEE EE SHEE EEE EEE HES HEHEHE HEHEHE EEE EEE HEE EEE HEHEHE HEHEHE HOES EEE EEE EEE HEHEHE EEHEEE HEE E EEE EEEEEE SETHE EEE EES 

[1 mark] 

b) Write an algorithm that takes a runner number as an input and 

outputs the total number of miles that they ran over the week. 
[4 marks] 

c) John has written the function milesConvert() which takes a distance in miles 

and returns the equivalent distance in km. E.g. milesConvert(5) would return 8. 

Write an algorithm to convert all distances in the array to km. 
[3 marks] | 

Omar has written an adventure story in the file adventure.txt. 

Write an algorithm that allows a user to print Omar’s adventure story one line at a time. 

¢ Each time the user presses the “‘y” key the next line of the story should be printed. 

¢ The algorithm should end when it’s at the end of the text file. 

You'll need to use the endOfFile() command. [5 marks] 

The function ro11(n) simulates the outcome of one random roll of an n-sided dice. 

E.g. ro11(6) will randomly return either 1, 2, 3, 4, 5 or 6. 

a) Noel has declared a local variable inside the function. 

Explain two differences between local variables and global variables. 

Reem meme eee eee meee eee eee eee eee EEE HEE HEHE EEE HESS EE EEE EEE EES E EEE EEEEEEEES HEHE EEE HESS SEE EEEEESEEE EEE EEE EEEEEEE EEE EEE EEE HEE EEE EEE HEHE EEE EES 

SRR Ree eee eee eee eee eee HEHEHE E OEE H HEHEHE HEHE HEHEHE SESE HEHE HEHEHE HEHEHE HEHEHE HEHEHE HEHEHE HEHEHE EEE HEHEHE EEE EEHEEHHSEEEEEEEEEEE EHH EEE ED 

RRR e meee ee eee HEHEHE HEHEHE EEE HEHEHE HEE H HEHEHE EEE EEE EEEEEEEEEHEEEEEH HEHE EEE EEE HEHEHE ESEEEE HEHEHE EHHEEEEEEH EEE EEH HEHEHE ESSE OSES 

SERRE eRe Ree eee EEE HEHEHE HEE EEE EEE HEHE EE HEHEHE HEE EEEEEE EEE EEE EEEEEEHHEEEEEHHEH HEHEHE HEHEHE EEE EEEEESESESEEEEEEESE EEE SHEESH SETHE EEE EEE EEEEEE ES 

[4 marks] 

b) Noel wants to use his function in a dice game where two identical dice are rolled together. 

¢ The player can choose the number of sides that the dice have. 

¢ The player’s score is the number of rolls it takes until both dice land on the same number. 

Write a sub program that takes the number of sides of 

the dice as a parameter and returns a player’s score. Rear! 

Section Five — Programming 
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Revision Questions for Section Five 

Well, that just about wraps up the programming section, perfect time to try some revision questions | think. 

¢ Try these questions and tick off each one when you get it right. 

¢ When you've done all the questions for a topic and are completely happy with it, tick off the topic. 

Data Types, Operators, Constants, Variables and Strings (p.63-67) [] 

1) Define the following data types: integer, real, boolean, character and string. 

2) a) What does casting mean? 
b) Explain what each of these functions do: 

(i) int() (ii) float() (ili) str() (iv) ASC() (v) CHR(Q) 

3) What do each of these operators mean? 

a) == b) t= ei<= a) e) A 

4) Whatis meant by: a) a constant? b) a variable? 

5) a) Define string concatenation and give an example of it being used. 
b) Explain what the following string manipulation methods do: 

(i) x.upper (ii) x.lower (iii) x.length (iv) x.subString(a, b) A AIA A 

Program Flow and Boolean Operators (p.70-73) [| 

6) In 20 words or less, outline what each of these statements does: 

a) IF statement b) SWITCH-CASE statement. 

7) What is the main difference between IF-ELSEIF statements and nested IF statements? 

8) Compare the features of the three condition-controlled loops, DO UNTIL, WHILE and DO WHILE. 

9)* Write an algorithm that outputs the number of Mondays in a 30-day month 
when the user inputs the day of the week that the month started on. 

Arrays (p.76-77) [| 

10) Why are arrays useful? lL (SITS 
11)* Write commands to perform the following operations on this array. The name of the array is ‘chars’. 

(13 dp Py eee IN ee ere eee 

a) Print the character “M%. 
b) Print the chars array with “P” changed to “D”. 
c) Print the chars array with every element changed to “N”. 

12)* Write an algorithm to create a two-dimensional array with 10 rows and 10 columns where each 
element is an integer and its value is given by the row number multiplied by the column number. 
(Hint: Remember that rows and columns are numbered starting at 0.) 

File Handling, Storing Data and Searching Data (p.78-80) [| 

13) Briefly describe what each of the following functions do: 
a) openRead() b) openWrite() —c) endofFile() d) writeLine() —_e) readLine() [] 

14) In programming, data can be stored in records: 
a) What is a record? b) Give two differences between a record and an array. [4 

15)* Outline what the SQL query given below will do: 

SELECT * FROM world_records WHERE sport = "athletics" AND surname LIKE "M%" LJ 

Sub programs (p.81-82) [_ ] 

16) What is the difference between a function and a procedure? [J 

17) Define these terms: 

a) parameter b) argument c) local variable d) global variable [] 

*Answers on p.145 
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Defensive Design 

On p.32 you saw that insecure databases can be a security threat — unfortunately, every program that 
interacts with a user can be a risk. To keep programs safe from tampering you need to use defensive design. 

1) When programs are functioning correctly they should never break and never 
produce errors. In practice this is difficult to achieve — even the biggest software 
companies need to update and patch their programs regularly. 

2) Programmers try to protect their programs through defensive design. They will try to: 

e Anticipate how users might misuse their program, 
then attempt to prevent it from happening. Misuse refers to the user 

doing things that you e Ensure their code is well-maintained (see p.89). 
dont expect them to. 

e Reduce the number of errors in the code through testing (see p.90-91). 

1) The easiest way for a user to accidentally or intentionally misuse a program is when entering data. 

2) There are two ways that you can prevent users from entering something you don’t want them to: 

INPUT SANITISATION 

Removing any unwanted characters before passing data through the program. 

INPUT VALIDATION 

Checking if data meets certain criteria before passing it into the program. E.g. checking 
that an email address contains an @ symbol and has a suitable ending (.com, .co.uk, etc). 

3) Here are a few types of input validation check you can use: 

Checks the data is within a specified range. Range check 

Checks the data has the correct format (e.g. a date). 

-Look-up table | Checks the data against a table of acceptable values. 

Checks the data is the correct length. 

4) Programs can use a mixture of input sanitisation and validation to verify 
that the inputted data has an acceptable format before passing it into the program. 

The best defence is — well, a good defence... 
Defensive design is something that you need to consider whenever you are writing a program. 
A well-designed program shouldn't just stop working if it experiences something that it doesn’t expect 
— it should continue running and inform the user about what they’ve done wrong or how to correct it. 
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It would be nice if input sanitisation and validation happened by magic, but I’m afraid that it usually 

requires some tricky coding to get right. Make sure you can still remember everything from Section Five... 

FEXAMIPLE: Karen is designing a program that she can use to create a 
database of file names. She has written the following function 
to check an inputted file name. The removeChar(x) method 
returns a new string with the character in position x removed. 

a) Explain what the function formatName() does. function formatName(file) 

It goes through each character of a string eye Ane 

and deletes the character if it's “(" or “)” while x < file.length 

and returns the amended string. PALES ESIES 
CdS@i. Gas 

‘ ; Ah file = file.removeChar(x) 
b) Is this an example of input sanitisation Bs - 

case : 
or input validation? 

It gets rid of unwanted characters from the file 

name so this is an example of input sanitisation. 

file = file.removeChar(x) 

case default: 

et 86 Ge) il 

J a for endswitch 
c) Give two validation checks Karen could 

use to check that a file name has been 

entered and that it isn’t too long. 

endwhile 

return file 

endfunction 

* Presence check to make sure data has been entered. 

Meee Soe omeenen en coterie Ee ee ee ee ee * Length check to make sure the data is not greater than the maximum length allowed. 

f ba 

1) Authentication can confirm the identity of a user before they’re allowed to access certain pieces 
of data or features of the program. A common way that programs do this is using passwords. 

2) Passwords are usually associated with a username. When someone tries to access a protected part 
of the program, it should ask them for their password to check that they are who they claim to be. 

3) Here are some common ways to increase the security of a password-based authentication system: 

e Force users to use strong passwords (see p.33) and get them to change their passwords regularly. 

e Limit the number of failed authentication attempts before access to an account is lost. 

e Ask for a random selection of characters from the password on each authentication. 
= oo tenn at ES RI ae RNR a tS SHEP ES SETS 

4) It’s important that programmers get the level of authentication correct — too much 
authentication can affect a program’s functionality and put people off using it. 

Authentic revision materials, available to all users of this book... 
When you're writing programs you should think about what you do and don’t want a user to enter, but you 
can put too many restrictions on the data inputted to your program. When validation, sanitisation and ~ 
authentication start to negatively impact the user’s experience, then you've got too much defensive design. 
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Defensive Design 

Programmers working on large projects might often have to work with code that somebody else wrote. 
Keeping your code tidy is like keeping your handwriting neat — it makes it easier for people to read it. 

ay ca 

1) As part of the defensive design of a program, programmers should make sure that it is well-maintained. 

2) A well-maintained program makes it easy for other programmers to understand 
what the code does. They should also be able to change parts of the source code 
without the risk of causing problems elsewhere in the code (e.g. knock on effects). 

3) The following features can improve the maintainability of source code: 

¢ Comments (usually written after // or #) are useful for explaining what Too many comments can 
the key features of a program do — well written and clear comments are _ leave your programs looking 
fundamental for helping other programmers understand your programs. cluttered and unreadable. 

¢ Indentation can be used to separate different statements in a program. 
This allows other programmers to see the flow of the program 
more clearly and pick out the different features. 

e Variables and sub programs should be named so that they refer to 
what they actually are. This helps programmers to keep track and 
recognise what the variables are all the way through your program. 

¢ Only use global variables (see p.82) when necessary as they could affect 
the rest of your code. Variables with a local scope will only affect the 
sub programs that they are declared in — other programmers will know 
that changing these variables won't affect other parts of the program. 

1) The example below shows some features of well-maintained code. 

The sub program 7/7 Conver tsmaminsteofacenperaturesmin 2C to” oR: 

We cf age d to tell th and variables have function convert_C_to_F(list_celsius) omments are used to tell the 
ES ee we Hie te cas reader what the function does 

you what they are Listiength =-trstecetstus-dength and snes Niet UR Wboenors 

and what they do. array list_fahrenheit[list_length] 

// Converts each temperature in turn and adds them to a new list. 

ae for i = 0 to list_length - 1 
The code is indented aay ; ys eit aie wilted: 
so that you can see __——™ bist_fahrenheitli] list_celsius[i] 1.8 32 

which bit of code falls next 1 
within each statement. return list_fahrenheit 

endfunction 

2) Ifa good amount of useful comments are put into the source code then it’s very easy to produce 
a summary of what the program code actually does using auto-documentation (see p.93). 

Keep your revision notes well-maintained, too... 
Arcee) Keeping code well-maintained isn’t rocket science but sometimes programmers can get lazy 

and their code ends up in a bit of a mess. Have a look back at some code you've written. 
Write down some ways that you could have improved the maintainability of your code. 

TASS 

ase eS a 
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When you're writing programs, remember that the testing is just as important as the programming itself. 

Have a look at these pages to test your knowledge of testing — they'll prepare you for being tested in the tests. 

1) It’s quite typical for a program to contain errors during its development 

— these errors need to be found and corrected as soon as possible. 

2) The first task is to figure out what type of error has occurred: 

SYNTAX ERRORS — when the compiler or interpreter doesn’t understand something 

you've typed because it doesn’t follow the rules or grammar of the programming language. 

LOGIC ERRORS — when the compiler or interpreter is able to run the program, 

but the program does something unexpected. 

3) Syntax errors can be diagnosed by compilers and interpreters (see p.92) — they'll be unable to 

turn the source code into machine code and a syntax error (with its location) will be returned. 

4) Logic errors are more difficult to diagnose and track down — compilers and interpreters 

won't pick them up. Logic errors are found through general use of the program 

and by systematically testing it using a test plan (see p.91). 

FEXARNPLE: Jerry has written the following function. It multiplies a given positive integer by all the 

positive integers less than it (e.g. if the integer was 5 it should do 1 x 2 x 3 x 4 x 5). | 

Identify two logic errors in Jerry’s function and suggest how he should fix them. 

Error 1: In line 3 the count variable is declared (and set to 1) function multiplier(n) 

within the loop, so each time the loop repeats, Pop aael ten 

the count value will be set back to 1. The declaration int-count = 1 

of the count variable should be moved before the loop. count = count * n 

- : 2 aie 1B 
Error 2: In line 4 the count variable is multiplied by n, Se ae 

whereas it should be multiplied by i. 
It should read count = count * i. 

return count 

endfunction 

a ng a CR SP RAR SO SEEN A A RT CS A A ELE SE EE TL 

1) Functionality testing is an essential part of the development process and a good way to spot logic errors. 

2) The main aim of this testing is to see if the program actually meets your initial requirements, 

i.e. it does exactly what you wanted it to do without breaking or producing errors. 

3) Functionality testing shouldn't be left until the end of the process — it’s much better 
to spot errors and fix them as early as possible during development of the program. 

4) Other types of testing will depend on what the program or system will be used for. For example: 

There are more testing times ahead... 
Syntax errors are usually easy to fix as the compiler should point you to the exact line that contains the error. 
On the other hand, it’s often difficult for computers to help you out with logic errors — as far as they’re 
concerned, if the program is running, everything is hunky-dory and working as it should. 
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So now that you know why programs are tested and what you're actually looking for, it’s time to have 
a closer look at how they're tested. Often testing is planned out before development is even begun. 

1) 

2) 

When developing a piece of software or a program you would traditionally follow this flow diagram. 

Maintenance — Requirements — Design — how Implementation Testing — does 

what does the will the program — writing the the program program output 
customer want the meet the program to the meet the but continued 
program to do? requirements? specified design. requirements? updates needed. 

Iterative Testing (see below) 

The type of testing will impact the software development cycle. 

e Final testing — the program only goes through the development cycle once. All the 
required features of the program are added at the same time. The program is tested against 
the initial requirements of the customer — if it meets them then the program is signed-off. 
The customer will get what they asked for but it won’t necessarily be what they really want. 

e Iterative testing — the program will go through the development cycle a few times. The idea 
is to try and get the program to match what the customer really wants. The requirements 
in the first cycle might only include the main features of the program. At the start of each 
new cycle the requirements will be adjusted (e.g. by adding new details and features). 

A test plan will outline exactly what you’re going to test and how you're going to test it. 
It should cover all the possible paths through a program and anticipate potential issues. 

A good test plan will select appropriate test data to test for these issues. Possible paths are all the branches of the 
The test data that you use should fall into one of three categories: flow diagram (p.53) for your program. 

Normal data — things that a user is likely to input into the program. 

Extreme (boundary) data — values at the limit of what the program should be able to handle. 

Erroneous data — inputs that the program should not accept. 

3) The table below shows an example of a test plan for setting an alarm system. 
Users should be able to set their own 3-5 digit alarm code. 

Type of data Test data Reason for testing Expected outcome 

To see if the alarm prompts an input. Prompt to enter a code. 

errr msc oe oe aed [Code aque 

4) During testing the tester can add “actual outcome” and “pass or fail” columns to the table. 

Luckily for you, this page flew through its testing stage... 
In the exam, you'll need to be able to design suitable testing procedures for a given scenario. 
This could include coming up with your own test plan and test data. 
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For computers to process any computer language it needs to be translated into machine code. 

1) Most of Hee programming aneneees that you'll be familiar with (e.g. Python, C++, Java™ 

are high-level languages. The source code is easy for humans to write, but computers 

need to translate it into machine code before they can read and run it. 

2) On the other hand, low-level languages are tricky for humans to read and write but 

3) 

are easier for a computer to run. They consist of machine code and assembly languages: 

000000 00010 00011 00100 00000 100000 <€ == Binary machine code Is very tricky for humans to understand. 

Assembly code is more readable for humans and easier to remember — the first bit 
ADD r4, r2, r3 —<e—_ ; : 

(ADD) is the operation code and the rest tells you what to perform that operation on. 

High-level languages are popular with programmers, but low-level languages have their uses too: 

High-Level Languages Low-Level Languages 

One instruction of assembly code usually only 
represents one instruction of machine code. 

e Usually written for one type of machine or 
processor and won’t work on any others. 

e The programmer needs to know about the 
internal structure of the CPU (see p.2-3) and 
how it manages the memory. 

* Code is very difficult to read, understand and modify. 

* Commands in machine code can be executed 
directly without the need for a translator. 

e You control exactly what the CPU does and 
how it uses memory so programs will be 
more memory efficient and faster. 

¢ One instruction of high-level code represents 
many instructions of machine code. 

e The same code will work for many different 
machines and processors. 

e The programmer can easily store data in lots 
of different structures (e.g. lists and arrays) 
without knowing about the memory structure. 

° Code is easy to read, understand and modify. 

e Must be translated into machine code before a 
computer is able to understand it. 

¢ You don’t have much control over what 
the CPU actually does so programs will be 
less memory efficient and slower. 

1) 

2) 

3) 

4) 

5) 

6) 

Computers anny nee instructions given to them as machine code, so high level languages 

and assembly languages need to be translated before a computer is able to execute the instructions. 

There are three types of translator that you need to know about: assemblers, compilers and interpreters. 

Assemblers are used to turn assembly language into machine code. There are many different assembly 
languages (to support different CPU types) and each one needs its own unique assembler. 

Compilers and interpreters are both used to turn high-level code into machine code. 

Compiler Interpreter 

Translates and runs the source code one ins 
same time and creates one executable file. ata time, but doesn’t create an executable file. 

Only needed once to create the executable file. | Needed every time you want to run the program. 

The interpreter will return the first error it finds 
and then stop — this is useful for debuggi 

Returns a list of errors for the entire program 
once compiling is complete. Zging 

Once compiled the program runs quickly, Programs will run more slowly because ne sate 
but compiling can take a long time. is being translated as the program is running. 

The type of translator used will depend on which programming language and IDE (p.93) you’re using. 

If the program is stored over multiple source code files then a linker is used to join all of the 
separate compiled codes into one executable program. 

“Cette page est incroyable!’ — call in the translators... 
You should know the key features of low- and high-level languages, assemblers, compilers and interpreters. 
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Integrated Development Environments 

Integrated development environments (IDEs) provide programmers with lots of handy tools when they’re 
coding. If there’s one thing | know about programmers, it’s that they'll do anything to make life a bit easier. 

Jox 

An integrated development environment is a piece of software that provides features to help 
a programmer to develop their program. Most IDEs will have similar features — the example 
below shows some of the features from the Microsoft® Visual Studio® IDE: 

The code editor is the main part of an IDE, it’s where the code is 

written. Most code editors will have line numbering and 

auto-colour coding for things like strings, functions, variables 
and comments. Good code editors will also have other automatic 

features like auto-correct, auto-indentation and auto-complete. 

A run-time environment allows 
the code to be run quickly 
within the IDE — this is done 
using a start or run button. The 

run-time environment can also 
help to identify logic errors in 
the program as the programmer 
can see which part of the code 
is running when errors occur. 

~ An explorer window will help 
navigate through programs. 

= = An output window to 

show the output from a 
program when it is run. 

DQ PythonApplicaticnl - Micl foft Visual Studio [ 

File Edit View Project. | Bu 

o-) 68 

Adeninictaston Bie , Af aie Jai Studie (Administrator 

jld Debug Team Tools Test Analyze Window Help 

ution Explorer 

a © so *¢\- 

fa) Solution 'PythonApplicationl’ (1 project) 
4 Bi Pytl ion 1 

> ED Python Environments 
om References 

Breakpoints 

New X PO CG EF Columns Search: InColumm: All visible 

Name Labels. Condition Hit Count 

O PythonApplicationl py, line 157 (no condition) bresk alveays 

O PythonApplicationl py, fine 164 (no condition) break always 

O PythonApplicatont py, line 202 (no condition) break always 

I 

5) 1 Error | | dh 0 Wamiings | (0 Messages | Build + Intellisense Oike Features to keep track of the 
See eee ceaals — a 2 line number and character 

is =F number that you're working on. 

Breakpoints are a common debugging tool, 
they stop the program on certain lines so 
you can gather information like the value 
of variables as the program is running. 

Error diagnostics and debugging tools help 
to find and fix errors (see p.90) in a program 
— they'll tell you the location of the error 
and often suggest ways to fix it. 

Here are some other common features of an IDE: 

e A translator (compiler, interpreter or both) which will translate the source code into machine code 
(see p.92). If the IDE has both then you can take advantage of each translator's best features. 

e Auto-documentation helps with the maintenance of programs. It can extract certain features 
of a program, like the names of variables, names of sub programs and comments. 
This information is stored in a separate document to give a summary of what the code does. 

e A Graphical User Interface (GUI) builder helps the programmer design a user interface by building 
it up graphically rather than having to design it using source code. It allows you to drag and drop 
different objects and customise them, so you can make the interface look exactly how you want it to. 

me or re 

IDEs can make developing programs much quicker and easier... 
Each IDE has advantages and disadvantages so it’s all about choosing one that meets your needs. 
For example, certain IDEs will have features that support multiple programming languages and others 
will specialise in one programming language — both types of IDE can be helpful in different situations. 
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Warm-Up and Worked Exam Questions ; 

A whole section in one go — that’s no mean feat. Make sure all of it has sunk in by having a go a Hisat 

these warm-up questions. Then, once you're happy, try the exam questions for some serious pract 
- el ues ea 

Je 

What is the difference between input validation and input sanitisation? 

2) Name the type of input check that: 
a) checks that data has been entered. __b) checks data against a table of possible values. 

3) Give three features that will improve the maintainability of code. 

4) Are the following statements true or false? 
a) Syntax errors are harder to find than logic errors. 
b) Using the wrong boolean operator is a logic error. 
c) Syntax errors will prevent code from running. 
d) Logic errors will prevent code from running. 

5) Describe what is meant by ‘iterative testing’. 

6) Explain the purpose of a compiler. 

7) Below is a sketch of the layout of a new Integrated Development Environment (IDE). 
In each box, briefly describe the purpose of that feature. 

Code Editor Breakpoints 

Error Diagnostics 

== -e ae "a ba ’ « gee ah beet 
: ‘ a :h- , 

| : oie eee viet ee bt ge , ¥ * Sake ts 2) teh a 
"no Bees ie hee ee pee eae Sa 

i ee aa Cae ee RNA ce cys te 

1 A retailer keeps a database of its loyalty card holders. 

The retailer stores the following data for each card 
holder: name, age, postcode and customer number. 

NESS 3TW | _ 100278 
Peter Taylor HASS 8PZ | 223327 

a) Define the term input validation. 

SPEER HHH OE T EEE OER eH HEHE EE HEHEHE EH EHH HHH EH HEH HEHEHE HEHEHE HEH EEO EEE EEERESEE HEHEHE DEST EEE H ES EEE HE EHOSEE HEHEHE ETE SEE HEE EEE EEE ESSE E EEE EE EEE EES 

TETHER HORE HEHEHE HEHE HEHEHE EEE H HEHE HEE HEHEHE EEE EEO EE EEE EES ETE EEH OES HEE HEH EES EES EES ESE EE HEHEHE EEE SES ES EEE HES EEE EES HEHEHE HEHEHE HEHE SESE EEE EES 

THREE THESE H HHH HEHEHE EEE EEEEH EEE HEHEHE EEE EEE EEE HE HEE E HEHE EEE HEH OES EEE HEHEE SHEESH SETHE HEE EEE EES EE EES HEHEHE SEES EEE HEHEHE EES EEE SESE ES ESS 

STS EE SERRE EE HEE EEE EEE EEE SESE EE HEHEHE TEESE HEHEHE EEE EEE EES ET EEE EEEEEE TEESE EEE EEH EEE HESS EEE ESE EEE SEE HEEEE SEE EES ESE SE EEE ESEE ESE SESE EES EEE EES 

Forme ly letters and numbers. 



Exam Questions 

2 Cynthia is writing code for a tablet computer application aimed at children. 

Explain how each of the following tools in the Integrated Development Environment (IDE) 

could help Cynthia write her application. 

: 
a a ee ale aaiscaiyandeive rush awl oiedeonstedvnsneieaeveverdiascenhiareebdeseeseesevess 

Code editor: 

A holiday company has written a simple program to calculate the price of its group holiday 

packages. The program asks the user to input the group size — if the group size is smaller 

than two or greater than 10 the program displays an error message. If not, the price (in £s) 

is calculated by multiplying the group size by 50 and then adding 10. 

a) Describe how the company can use a test plan to check for logic errors in the program. 

ae Check what happens 
Group_Size = 12 if input too large. 

[5 marks] 



Exam Questions 

4 Acompany specialises in writing programs using low-level languages. 

a) Identify two reasons why some programmers might use low-level languages. 

[1 mark] 

Tiffany writes some code to check if an entered pincode is between 4 and 6 characters long. 

string pincode = input("Enter pincode") 

if pincode.length >= 4 OR pincode.length <= 6 then 

print( "Valid pincode" 

else 

print("Not a valid pincode, please try again") 

endif 

Identify the syntax error in Tiffany’s code and suggest how she could correct it. 

A website’s payment form requires users to input their credit card Think about problems that 
details, e.g. name, card number, expiration date, security code, etc. input validation can prevent, 
Evaluate the impact of only using input validation to check the details. and those it can't, 

[6 marks] 

An exam board is developing automated software to calculate students’ final exam grades. 
Evaluate the extent to which the different features of an IDE can help the exam board 
to develop a well-maintained program. 

[6 marks] 



Revision Questions for Section Six 

And just like that it’s the end of section six — but before you put the book down you've got one more task. 

e Try these questions and tick off each one when you get it right. 

e When you’ve done all the questions for a topic and are completely happy with it, tick off the topic. 

Defensive Design (p.87-89) [_ | 

1) Why is it important for your programs to have a defensive design? 

2) Define the terms input sanitisation and input validation. 

3) Give six types of input validation check and explain what each check does. 

4)* The program below checks which year the user was born in. 

Does this program use input sanitisation or input validation? Explain your answer. 

int year 

do 

year = input("Enter the year you were born.") 

until year > 1900 AND year <= 2016 

5) What is authentication and why is it used? 

6) Give three things that can be done to make a password-based authentication system more secure. 

7) a) Give four features of maintainable source code. 

b) Explain how each feature can help other programmers to maintain your code. 

Testing (p.90-91) [_ ] 
8) Define the following terms: a) Syntax Error — b) Logic Error 

9) Explain why logic errors are more difficult to diagnose than syntax errors. 

10)* This algorithm should take the user’s age and always print one of the two strings. 

Find two errors in the code and suggest ways that you could fix them. 

int x = input("Enter your age") 

ihe oe Chen 

print("At the age of " + x + " you must be a computer science genius.") 

elseif x < 16 then 

printiG Practice makes perfectl™) 

endif 

Why is testing important? 

Give five types of testing that you might carry out on a program. 

11) 

12) 

13) What is meant by: a) iterative testing? b) final testing? 

14) What are the three different types of test data? 

i>)* A software company is designing an anagram application. It will take a string 

of letters and return all of the words that can be spelt using all of the letters exactly once. 

Come up with five pieces of test data that the company could use to test their program. 

Translators and IDEs (p.92-93) [_ | 
16) Define and give an example of the following: a) Machine code — b) Assembly Language 

17) Give six differences between high-level languages and low-level languages. 

18) What are the three types of translator? 

19) Compare the functionality and uses of a compiler and an interpreter. 

20) IDEs have lots of different features. Explain what each of these features are: 

a) Code Editor b) Run-time environment c) Error diagnostics 

d) GUI builder e) Auto-documentation f) Breakpoints 

ES ES) BS) 

[SIS Sle 

(i |) a) dS ae 8) 8) SS) BS) 

LI 
*Answers on p.146 
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Logic gates are pretty clever stuff. They take binary information and give an output based on the 
Boolean operations (p.73). Each Boolean operator (NOT, AND and OR) has its own logic gate. 

SRR 

1) Logic gates are special circuits built into computer chips. 
They receive binary data, apply a Boolean operation, then output a binary result. 

2) Logic diagrams are often drawn to show logic gates and circuits. 
Each type of logic gate is shown by a different symbol. 

3) Each type of logic gate also has a corresponding truth table. 
Truth tables show all possible input combinations of 1s and Os, and the corresponding outputs. 

1) NOT gates take a single input and give a single output. It can help to think 

2) The output is always the opposite value to the input. of 1s as TRUE and 
If 1 is input, it outputs O. If O is input, it outputs 1. Os as FALSE. 

NOT gate symbol NOT truth table 

AND gate 

1) AND gates take two inputs and give one output. 

2) If both inputs are 1, the output is 1, 

otherwise the output is 0. 
AND fate eummbal Input A Input B Output 

Input A 
Output 

Input B 

1) OR gates take two inputs and give one output. 

2) If one or more inputs are 1, then the output is 1, 
otherwise the output is 0. 

OR gate symbol InputA —InputB_ Output 

Input A 

Output 
Input B 

. . 9 ° 

Logic isn’t as scary as it looks... Biles iBunresion i Nolation 
These basic logic gates are the building blocks for bigger NOTA 
logic circuits. You should be able to draw each logic gate AAND B 
and the corresponding truth table — you'll also need to = 
learn the equivalent expression and notation from this table: | OR | A ORB 
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You can make more interesting logic diagrams by combining logic gates. If you know the truth tables 
from the previous page you'll be able to create truth tables for much more complicated logic diagrams. 

same logic circuit to carry out different operations. 1) Multiple logic gates can be added to the 

2) You can work out the truth tables by working through each gate in order. 
For every input combination, follow them through each gate step-by-step, then write down the output. 

3) By using brackets and the terms AND, OR and NOT, circuits can be written as logical statements, like 

NOT(A AND B) below. Operations in brackets should be completed first, just like in normal maths. 

This circuit shows AND followed by NOT. This circuit shows OR followed by NOT. 

Input A Input C 

Output P Output Q 

Input B Input D 

The truth table looks like this: The truth table looks like this: 

WANN DI P = NOT(A AND B) CORD Q = NOT(C OR D) 

4) The two logic circuits shown above are examples of two-level logic circuits — they require 
the inputs to pass through a maximum of two logic gates to reach the output. 

This is a two-level logic circuit with 3 inputs. a. Input A | 
Input B 

Using Boolean operators, this circuit can be Output R 
written as R = (A OR B) AND (NOT C). (This 
: Input C 
is an example of Boolean algebra). 

To cover every input combination, AORB NOTC  R=(AORB)AND (NOT C) 
extra rows are needed in the truth 

table. There are 3 inputs and 
each can take one of 2 values, so 

2 x 2 x 2 = 8 rows are needed. 

In general, the number of 

rows is 2", where n is the 

number of different inputs. 

To be OR NOT to be — literally covering all forms of being... 
Once you've learned each gate’s truth table, you can work out the truth tables of much more complicated 
circuits. If you take the inputs through each gate one step at a time you'll be fine — it’s only logical... 
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Just like you have units like centimetres, metres and kilometres for measuring distance, computers need units 

for measuring digital information. You'll need to learn all of the unit names on this page and their sizes. 

1) Computers use 1s and Os to represent the flow of electricity. 
1 is used to show that electricity is flowing, and O shows that it is not flowing. 

2) All the data we want a computer to process must be converted into binary code (1s and Os). 

3) Each 1 or O ina binary code is a bit (binary digit). For example, 1010 is 4 bits. 

4) The table below shows the size of other units of data: 

A byte is big enough to store NETT= Size 

one character like x, €,.M or £). Bit (b) A single binary digit (1 or 0) 
See p.110 for more info. 

Nibble 4 bits ie Se 

Terabyte (TB) 1000 gigabytes 

Secondary storage capacity is Petabyte (PB) 1000 terabytes 

measured in gigabytes at terabytes. You might see each unit defined to be 1024 (not 1000) times 

bigger than the previous unit. The main reason is that 1024 Is 

a power of 2 which is helpful when dealing with binary data. 

Most files (like songs, 

pictures and documents) 

are measured in kB or MB. ————-— 

High definition videos and 
complex applications are 
often measured in gigabytes. 

5) Each bit can take one of two different values (either 1 or 0). This means that a nibble (4 bits) 

can take 2* = 16 different values, and a byte (8 bits) can take 2° = 256 different values. 

1) Check digits are a way of checking that data has been entered and read correctly. They are digits added 
to the end of numbers (e.g. ISBNs on books) and are calculated using the other digits in the number. 
If the check digit is correct when data is read, then it’s likely the data has been entered/read correctly. 

2) For binary data, the check digit is called a parity bit. You can have even and odd parity bits: 

e An even parity bit is added to make a binary string have an even number of 1s. 
¢ An odd parity bit is added to make a binary string have an odd numbers of 1s. 

The 7-bit string 1010010 has three 1s, so the even parity bit is 1. This is sent as 10100101. 

The 7-bit string 1100101 has four 1s, so the even parity bit is 0. This is sent as 11001010. 

3) If one bit of the binary string is read incorrectly then the computer will pick If odd parity bits were used 
up on the error. E.g. if an even parity bit is used and 10101101 is read. then these strings would be 

4) If two bits within the same binary string are read incorrectly then no error 1OIQO199 and NCO aa 
will be detected. For example, if an even parity bit is used and the binary 
string 10100000 is read as 10000100 then no error will be picked up. 

ee?) = 

This page has me in bits... 
Keep working your way through that unit table until the size order is clear in your head — it might just show up 
on your exam. A bit is smaller than a nibble, and a nibble is less than a full byte. | know, hilarious. 
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Warm-Up Yate ma ola (lem > elas mOlii-cia(e al 

Try these warm-up questions on logic and units — if there is anything you're unsure about, have a look 
back through the first part of this section before having a go at the exam questions on the next page. 

1) Look at the three logic expressions in the box below: 

(NOT A) AND B C OR (NOT D) (EAND F) OR G 

a) Draw a logic circuit for each expression. 
b) Construct a truth table for each expression. 

2) Put these units in order of size: Gigabyte, Kilobyte, Nibble, Megabyte, Byte 

3) Look at the three strings below: 

String A: 0110101 String B: 0100101 String C: 011010010100101 

a) Add an even parity bit to each string. 
b) Add an odd parity bit to each string. 

1_ A logic gate can be written as P=A AND B. 

a) State the value of input B when input A is 1 and output P 1s 0. 

[1 mark] 

b) A NOT logic gate is placed after the AND logic gate to make the logic diagram below. 

State the input values when output P is 0. 

For the NOT gate to output O, the 

A input of the NOT gate must be 1. 

[1 mark] 

2 Misha wants to save some music files onto a solid state drive (SSD). 

a) State which SSD has the largest capacity: 

250 gigabyte (GB), 200 000 megabyte (MB) or 0.3 terabyte (TB). 

Convert all the values O03 Terabyte = 300 GB 

to the same unit —IOO O00 MB = 200 GB 
= O.3 Terabyte then compare them. 

[1 mark] 

b) Calculate how many 5 MB music files Misha could save onto a 250 GB SSD. 

1 GB = 1000 MB 

So 250 GB = 250 x 1000 = 250 OOO MB 

250 OOO + 5 = 50 OOO songs 



Exam Questions 

3. A series of transistors make the two-level logic circuit (NOT A) AND (B AND C). 

a) Complete the truth table below. 

[3 marks] 

b) Draw the logic diagram that represents (NOT A) AND (B AND C). 

Have a look at p.98 for a reminder 

of what the gates should look like. 

[3 marks] 

Computers process data in binary code and often use check digits. 

a) Outline what is meant by a check digit. 

An even parity bit has been added to the end of three 7-bit binary codes to create 

the 8-bit binary codes below. Identify and explain which code contains an error. 

Code 1 Code 2 Code 3 

10101011 10100101 10010011 

Explain how a binary code containing a parity bit can be 

read incorrectly without any errors being detected. 

[2 marks] 
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Binary Numbers 

As computers only understand 1s and Os, all data must be converted into binary to be processed. 
Binary can be used to represent all numbers in our standard number system. 

1) In our standard number system we have ten different digits (0, 1, 2, 3, 4, 5, 6, 7, 8, 9). 

This is called denary, decimal or base-10. 

2) Binary only uses two different digits (0 and 1) — we call this base-2. 

3) Counting in binary is similar to counting in denary, but the place values from right to left 
increase by powers of 2 (e.g. 8, 4, 2, 1), instead of powers of 10 (e.g. 1000, 100, 10, 1). 

4) The following table shows the binary equivalents of the denary numbers 0-15: 

8 = 1000 12 = 1100 

9 = 1001 13 = 1101 
10 = 1010 14 = 1110 

Pr —stOl 15 =1111 

Drawing a table with binary place values in the first row makes binary to denary conversion easier. 

F EXANAPLE: | Convert the 8-bit binary number 00110101 to a denary number. Eactcelumnne 

1) Draw up a table with binary place values —> 128 | 64/32] 16] 8 | 4| 2 | 14 a te ie 
in the top row. Start with 1 at the right, POt POM ermal. 
then move left, doubling each time. 

2) Write the binary number 00110101 into your table. 

3) Add up all the numbers with a 1 in their column: 

32 +16 + 4 +1 = 53. So 001101071 is 53 in denary. 

AMER ATER URS eT eet oe —~——- more ene See Se ee 

SiSASUPLEL YADA BAD UA GD SDLANAb ARLEN AG Ub R uN: ve. 
This works with all binary numbers — just draw as 
many columns as you need, doubling each time. 

bE ara le A hl Thi SRE We, 

8-bit Penile can seurasent the denary nitiibsets 0 to 255. 16-bit hurabers can roses 
the numbers 0 to 65535, and 32-bit can show the numbers 0 to 4294967 295. 

When converting from denary to binary, it’s easier to draw a table of binary place 
values, then subtract them from largest to smallest. Have a look at this example: 

Convert the denary number 79 into an 8-bit binary number. 

Pes; [2[~[e[4[2[7]| 
2) Move along the table, only subtracting ao APeirOor cee . 

the number in each column from your 8 
running total if it gives a positive tine saat ca aoe ae 

3) Puta in every column that gives a 
positive answer, and a 0 in the rest. tg EOE SEL EY GARETT CTT TTA D There are other methods to convert denary to binary, : 

So 79 converted to an 8-bit binary number is 01001111. 

1) Draw an 8-bit table. 

IPT) EZ 

so just choose the one you are most comfortable with. = 
ZESTRTATERARARORS ERR OURRVRVAUORUORUAN ERRNO ANY 

Use powers of 2 to convert between binary and denary... 
el 

wee) There's a really easy way to test yourself on this stuff. Write down a denary number between 0 and 
we 255 and convert it to binary. Then write down an 8-bit binary number and convert it to denary. 

Section Seven — Data Representation 
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Binary Numbers 

As binary only uses 1s and Os we can comfortably do 0 +0=0,1+0=1and0+1=1. 

Using binary we can’t write 1 + 1 = 2. Instead, we have to write 1 + 1 = 10. 

FEXAMPLES: 1. Add the following 8-bit binary numbers together: 10001101 and 01001000 
: 

1) First, put the binary numbers into columns ) uh y (eo he iim cool Ti Oka 
2) Starting from the right, add the numbers in columns. 4 °O re Cee | 

t 
: 

) 
: 

J 

3) When doing 1 + 1 = 10, carry the 1 into the next column. 1--1- - Opel Og le - Ont 

So 10001101 + 01001000 = 11010101 ; 

2. Add the two 8-bit binary numbers below: 

0 0 1 TROMOr iad 1) Start at the right-hand side and add each column. 

0° 1osliet UT Ue 2) Sometimes you'll get something like 1+1+1=11, 

i 
i 

4-6 1.07% 1) OLO so you need to write 1, then carry 1 to the next column. | 
«_!' ! 0 02 

jay tee 1 4 So 00110011 + 01111001 = 10101100 | 

=o = swe? — 

You can check your answer by converting the numbers and answer to denary, to make sure it still works. 

1) Sometimes, during binary arithmetic you will get a result that 
requires more bits than the CPU is expecting — this is called overflow. 

2) For example, in binary the 8-bit calculation 11111111 + 00000001 gives the 9-bit answer 100000000. 

Computers will see the 1 as an overflow error and just output 00000000, which is nonsense. 

3) Computers usually deal with these extra bits by storing them elsewhere. 

4) Overflow flags are used to show that an overflow error has occurred. 

FEXANAPLE: } a) Add the 8-bit binary numbers below, giving your answer as an 8-bit binary number. 

1) Add the binary numbers in the usual way. 121802120 Ba 

2) The final calculation is 1 + 1 = 10, so carry the 1. 14 0 0 cle OULLOE 

3) You are left with a 9-bit answer — this is an overflow error, , Gin iiiee Roe ee 

4) Ignore the overflow to give your 8-bit answer. 01100101 1 1 

b) Identify any problems that could be caused by giving your answer as an 8-bit number. 

There is an overflow error which can lead to a loss of data and a loss of accuracy in your answer. 
It could also cause software to crash if it doesn't have a way of dealing with the extra bit. 

De Seo ees ee — 

Binary, binary, quite contrary, how do you overflow... 
Overflows occur when a calculation gives a result with more bits than are available to store it. This 
can be a real problem — programmers must make sure that they can’t occur, or that they are dealt with. 
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Binary Numbers 

1) A binary shift (also known as a logical shift) moves every bit in a 

binary number left or right a certain number of places. 

2) Gaps at the beginning or end of the number are filled in with Os. 

3) The direction of the binary shift indicates whether it multiplies or divides the binary number: 

Left shifts MULTIPLY a binary number. 
For every place shifted left, the number is doubled. 

Right shifts DIVIDE a binary number. 
For every place shifted right, the number is halved. 

4) \fanumber is shifted 3 places right, it would be halved three times (i.e. divided by 2? = 8). 

If a number were shifted 4 places left, it would be doubled four times (i.e. multiplied by 2* = 16). 

5) Left shifts can cause overflows (if extra bits are needed), and right shifts cause bits to 
‘drop off’ the end. Bits dropping off or overflowing can lead to a loss of accuracy/data. 

Perform a 3 place left shift on the 8-bit binary number 00101001. 
Explain the effect this will have on the number and problems that may occur. 

Write down the original binary number, 
then shift all digits 3 places to the left. 

Fill in the gaps on the right with Os. 

Thad bith The number has been doubled three times, 

aati so it has been multiplied by 2? = 8. 

If there are only 8 bits available to store the number then there is an overflow. 

Some data/accuracy may be lost and an overflow flag will be displayed. 

FEXAMAPLE: J Perform a 2 place right shift on the binary number 0011 1100. 
What effect will this have on the number? 

1) Write down the original binary number, 
then shift all digits 2 places to the right. 

Pyeng a es 
2) Fill in the gaps on the left with Os. [O. Wo. 1.0:'0 |.4 418) a xox 

A 2 place right shift gives the binary number OOOO 1111. Dividing using a right binary shift 
As this is a 2 place shift, the original number has the same effect as using the DIV 

will have been halved twice (so divided by 2? = 4). operator (p.64) — your answer would 
not take into account any remainders. 

Shift left to multiply and shift right to divide... 
Binary shifts are really good for doing fast multiplication and division by powers of 2. Watch out for bits 
overflowing or dropping off the end — if this happens then you'll lose accuracy in your answer. 
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Hexadecimal (hex) is another number system used regularly in programming. 

Hex uses a combination of digits and letters in order to represent a number. 

1) Hexadecimal (or base-16) uses sixteen different digits. 

2) Asingle hex character can represent any denary number from 0-15. To represent 0-15 in 

binary would require 4 bits (a nibble), so each hex character equates to a nibble in binary. 

3) The table shows the denary and binary value of each hex character. 

4) Programmers often prefer hex when coding, because: Denary Hex Binary Denary Hex Binary 

Po [0 | coco fs [8 | 1000 | 
Sc 
aa foo [oe fo 
Cs [a foro [3 fe] tot 
is 

e It’s simpler to remember large 
numbers in hex — they’re far 
shorter than binary numbers. 

¢ Due to hex numbers being shorter, 
there’s less chance of input errors. 

e It’s easier to convert between binary 

and hex than binary and denary. 

Computers themselves do not use hex — they still 

have to convert everything to binary to process tt. 

In hex, moving right to left, place values increase in powers of 16. ——=psl 4996 

To convert from hex to denary, draw up a table, fill in the boxes, then multiply — just like in this example: 

FEXAMNPLES: | 1. Convert the hexadecimal number 87 into denary. Luckily in the exam 
you'll only have to 

1) First, draw this table, then write in your hex number. Ser aes convert two digit 
af 7 | hecnumbers like in 

these examples. 2) Multiply the numbers in each column. Fae 
8 x 16 =128 9 7 Se 

3) Add up the results: ———» 128 + 7 = 135 So the hex number 87 is 135 in denary. 

To convert from denary to hex, draw the table but use division to fill it in. 

2. Convert the denary number 106 into hexadecimal. Remember, hex goes from O-9, then A to F. 

2) Divide the remainder from 
the last calculation by 1. 
10+1=10=A 

1) Start at the left. 

Divide 106 by 16, then 
hold onto the remainder. 

106 +16=6r10 
So the denary number 106 is 6A in hexadecimal. 

Hex can be a blessing and a curse... 
Hex and denary can look fairly similar (as they both contain 0-9), so make sure you’ve got them 
the right way round when converting — 65 in hexadecimal is NOT the same as 65 in denary. 
Memorise the hex table and its advantages, then cover it up and write everything you remember. 
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1) Each hex character is equal to a nibble in binary, so it is possible to 
convert from binary to hex by splitting the binary code into 4-bit chunks. 

2) Binary to hex conversions can be much easier than converting from 
binary to denary, as you only have to deal with the nibbles one at a time. 

FEXANAPLE: | Convert the binary number 1011 1001 to hexadecimal. Remember, hex only 
uses letters for denary 

1) Firstly, split the binary number into nibbles: 1011 1001 values between 10-15. 

2) Draw a table with columns labelled 1, 2, 4, 8, then 

repeat the values for as many nibbles as you require. 

3) Fill in the table with your binary number. 

4) For each nibble, add up the numbers with a 1 6+2+1=11 Cea 
in the column, then convert this value to hex. sere =r 

5) Finally put the hex values together. The binary number 10111001 is BY in hexadecimal. 
ae SS TE ETE ee 

If the binary number can’t be split into nibbles, you'll have to stick some zeros on the front. 

FEXANAPLE:) Convert the binary number 11 11101000 to hexadecimal. 

1) Add zeros to the front of the binary number, so that you can split it into nibbles. OO11 1110 1000 

2) Draw a repeating table of 1, 2, 4 and 8, as above. 

FALTER EE EES ESE Raee 
wD Hes Lerdinlniell Ohalicty, Jae] At BL O.h0 10" 

ENE OT ANS ESET 3) Write your binary number in the table. 

4) Add up each nibble and 
et 1 8 S.A 2=414 8 =8 

convert each value to hex. -£ 

5) Put the hex values together. The binary number 1111101000 is 3E8 in hexadecimal. 

AE CP SS AAR SSSR NB ES a ET 

To convert the opposite way (from hex to binary) convert each hex character into binary, 
then just put the binary numbers together. 

FEXAAAPLE: ] Convert the hexadecimal number 8C to binary. 

1) First, find the denary value of each character: 8 = 8 in denary C = 12 in denary 

2) Find the binary value of Peal 2[4J bec dese 

patio} :o) ae 1] 1]'o.| each denary number: 

8 = 1000 in binary 12 = 1100 in binary | 
3) Put the nibbles together to get 

the equivalent binary number. The hexadecimal number 8C is 10001100 in binary. | 

Me This page has so many nibbles it could spoil your lunch... 
When converting binary to hex just remember to split the binary up into chunks of 4 bits, each with 

SW columns labelled 1, 2, 4 and 8. Then work out the individual hex values and put them together. 
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Warm-Up and Worked Exam Questions 

Converting between binary, denary and hexadecimal tests your maths skills just as much as your computing = 

knowledge. Have a go at these warm-up questions before diving into the exam questions on the next page. 

Warm-Up Questions 

1) Convert: 

a) 01011001 from binary to denary b) 69 from denary to binary 

2) Add the following 8-bit binary numbers together: 01101000 and 10001010 

3) Explain how overflow errors occur. 

4) Perform a 3 place right shift on 10111000. Give your answer as an 8-bit number. 

5) What is the effect of a 1 place left shift? 

6) Convert: 

a) 48 from denary to hex b) C6 from hex to denary 

c) 10100010 from binary to hex d) 3D from hex to binary 

Worked Exam Questions 

1. + Work out these conversions. 

a) Convert the 8-bit binary number 10010011 into a denary number. 

128 +16 +2 +1=147 

[1 mark] 

b) Convert the denary number 252 into an 8-bit binary number. 

Drawing an bit 128 | 64 | 32 | 16 | 8 | 4 | 2 | 1 | wien et IP EE Ere 
(Pia aoe 20 

— xe) bh 

11111100 

[1 mark] 

2 Daniel is a programmer. He makes the following two claims about hex numbers. 

Claim 1: “Hex is much easier to work with than binary.” 

Claim 2: “Converting from denary to hex is easier than converting from binary to hex.” 

Would other programmers agree with Daniel’s claims? Explain your answers. 
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109 

Exam Questions 

Binary shifts can be used to quickly multiply and divide binary numbers. 

a) Complete a 3 place left shift on the binary number 00011010. 

[1 mark] 

b) State an appropriate binary shift to divide a binary number by 4 and use it on 11010100. 

[2 marks] 

c) Yasha says “Adding a binary number to itself is the same as a 2 place left shift.” 

Is he correct? Explain your answer. 

A security program encrypts passwords using a hexadecimal conversion. 

The binary code of each letter for the password ‘CAT’ is shown below. 

01000011 01000001 01010100 

a) Convert each binary number above to a hexadecimal number to encrypt the password ‘CAT’. 

b) The password ‘DOG? is encrypted as 44 4F 47. 

i) Convert the first encrypted letter to binary. 

ii) What password would be encrypted as 43 4F 44 45? 

Look back at previous 

question parts. 

[2 marks] 

The function denary() converts one hexadecimal character to denary. (e.g. denary(F) = 15). 

a) Calculate the value of denary(A) + denary(C). 

[2 marks] 

b) Write an algorithm using denary() to convert any 2-digit hexadecimal into denary. 

Think about splitting the 2-digit hexadecimal into separate characters. 
[4 marks] 
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Almost everything can be represented as binary code — words, images and sound can all be turned into bits 

and processed by a computer. Firstly let’s look at words, which are made up of different characters. 

1) Alphanumeric characters are used to make words and strings (see p.67). They include 
uppercase and lowercase letters, the digits 0-9, and symbols like ? + and £. 

2) Computers are unable to process these characters directly as they only process binary code. 
So they need a way of converting these characters to binary code and vice versa. 
They can do this using character sets. Don't mistake a character set for a font. 

A 
Character sets are collections of characters that a | rer ms Is what determings the 
computer recognises from their binary representation. etter ~~ tne Tont youruse just displays 

that letter in a certain way. 

3) As well as the alphanumeric characters mentioned above, character sets also contain 

special characters which do certain commands (e.g. space, enter and delete). 

4) So when you press a button on your keyboard it sends a binary signal to the 
computer telling it which key you pressed. The computer then uses the character set 
to translate the binary code into a particular character. 

Different character sets can have different amounts of characters. The number of characters in a character 

set determines how many bits you'll need. Here are some standard character sets you should know about: 

e ASCII is the most commonly-used character set in the Character Binary Hex Denary 

English-speaking world. Each ASCII character is given a | Backspace | 00001000 | 8 | 8 | 
7-bit binary code — this means it can represent a total 

3 f , ; 4 
of 128 different characters, including all the letters in makes 
the English alphabet, numbers, symbols and commands. 00110011 

An extra bit (0) is added to the start of the binary code pr oN TU 3427 
for each ASCII character (see the table on the right). anal es 01100010 | 62 |) Sea 

This means each ASCII character fits nicely into 1 byte. Some examples of ASCII characters. 

Extended ASCII is a character set which gives each character an 8-bit binary 
code, allowing for 256 characters to be represented. The first 128 characters 
are in exactly the same order as the ASCII characters. 

Extended 
Extended ASCII is particularly useful for many European languages like French 
and German which include accents on some of the vowels, like é, 6 and U. 

e Unicode® comes in several different forms and tries to cover every possible character 
that might be written. In its most common forms it uses 16-bit and 32-bit binary codes. 

e The best thing about Unicode® is that it covers all major languages, even those 7 
that use a completely different alphabet like Greek, Russian and Chinese. Unicode® 

Character sets are used to turn binary data into characters... 
Extended ASCII comes in several different forms. The first 128 characters are always the same, but the ones 
after that can change to suit the language you’re writing in. E.g. the “Latin 1 Western European” character set 
is used for languages like French and German, while another is better suited to Eastern European languages. 
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Storing Images 

Images and sounds are pieces of data stored on computers — so, naturally, they’re made of bits (p.100). 

1) The type of images you use most often are called bitmap 
images — they're mainly used for photos. Bitmap images 
are made up of lots of tiny dots, called pixels. 

2) The colour of each pixel is represented by a binary code. 
The number of colours available in an image is related to 
the number of bits the code has. 

Y bo S) 
£ 
pd 

mI 
= 

3) Black-and-white images only use two colours, 
meaning they only need 1-bit to represent each pixel 
— 0 for white and 1 for black. 

4) 2-bit images can be made up of four colours. Each pixel 
can be one of four binary values — 00, 01, 10 and 11. 

2-bit image 5) You can make a greater range of shades and colours by 
increasing the number of bits for each pixel. 

oc — — 

1) The colour depth is the number of bits used for each pixel. 

2) Given the colour depth you can work out how many colours can be made using this formula: 

Total number of colours = 2" (where n = number of bits per pixel, or bpp) 

1-bit image: 2' = 2 colours 4-bit image: 2* = 16 colours 24-bit image: 2** = 16 777 216 colours 

3) Most devices use a 24-bit colour depth, with 8 bits used to indicate the levels of red, green and 

blue needed for each pixel. It’s estimated that the human eye can see around 10 million different 
colours, so a 24-bit colour depth should cover every colour that you could possibly see. 

4) The resolution is the density of pixels in an image, i.e. how many pixels are within a certain area. 
It’s normally measured in dots per inch (dpi). 

5) The higher the resolution, the more pixels in a certain area and so the better quality of image. E.g. if 
an image has a resolution of 60 dpi, it means that a one-inch square contains a grid that is 60 pixels 
wide and 60 pixels high. So there are 60 x 60 = 3600 pixels in that square inch. If we increased 
the resolution to 90 dpi, it would mean 8100 pixels in that square inch, so a better image quality. 

6) Increasing the resolution or the colour depth means that there are more bits in the image. 
This improves the image quality, but also increases the file size. 

1) Metadata is the information stored in an image file which helps the computer recreate the image on 
screen from the binary data in each pixel. 

2) Metadata usually includes the image’s file format, height, width, colour depth and resolution. 

It can also include extra information, like the time and date that the image was created or last edited. 

3) Without metadata, devices would not be able to display the image on screen as intended. 

Images are stored as long strings of bits... 
You might see the term resolution used to mean the dimensions of an image in pixels (e.g. 720 x 1280), 
but don’t get misled — if you’re asked about it in the exam, they’Il be talking about pixel density in dpi. 
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Storing Sound 

Sound is made up of bits and stored in files on a computer. Or rather, digital sound is — the other type of 
sound, analogue, doesn’t get on well with computers very much, so we’ve got to turn it into digital first. 

1) Sound is recorded by a microphone as an analogue signal. 
Analogue signals are pieces of continually changing data. 

2) Analogue signals need to be converted into digital data so that computers can read and store sound 
files. This is done by analogue to digital converters, which are found in most modern recording devices. 

3) The process of converting analogue to digital is called sampling: 

The blue line shows the analogue sound wave — it’s 
one continuous piece of data which keeps changing. 

To convert the analogue recording to digital data, we 
sample the amplitude of the wave at regular intervals 
(shown by the dots on the graph). The amplitude can only 
take certain values depending on the bit rate (see below). 

Amplitude 

iS 3 ‘ 

0 1 2 oS Ae SG ek Bs OO A 2 oS) ia io Gs ie iS Once the device has sampled the recording, 

Time (seconds) it creates the curve digitally like this. 

Each block of data matches where each sample was taken. 

The digital data is about the same shape as the analogue wave, 
but it’s not continuous. It’s lost a lot of data — e.g. the last 

peak in the analogue wave is much flatter in the digital data. 

The digital data can be improved by taking samples 
more regularly — most music isn’t sampled every 
second but every couple of milliseconds. 25.3 oA 5S) °6 7 Br 910 SI Ae TS IAS Sie ee 

Time (seconds) 

1) Sampling intervals are the gaps between each of the points where the analogue recording is sampled. 
E.g. the audio file might be sampled every 5 milliseconds (ms) — the sampling interval would be 5 ms. 

2) Sampling frequency (or sample rate) is how many samples you take in a second — it’s usually measured 
in kilohertz (kHz). E.g. a common sampling frequency is 44,100 samples per second (44.1 kHz). 

3) Sample size is the number of bits available for each sample (like colour depth but for sound samples). 

4) Bit rate is the number of bits used per second of audio — it’s calculated using this formula: 

Bit rate = Sampling frequency x sample size Tbe BiUisteeusialy ineseiieg 
sess cuilld il aieseee in kilobits per second (kbit/s). 

5) Increasing the sampling frequency means the analogue recording is sampled more often. 
The sampled sound will be better quality and will more closely match the original recording. 

6) Increasing the sample size means the digital file picks up quieter sounds, 

even if they’re happening at the same time as louder ones. This will also 
result in a sampled sound that is closer to the quality of the original recording. 

7) However, increasing the sampling frequency and sample size will increase the bit rate. 
This will increase the number of bits in the sound file, which means a larger file size. 

You can change the size and quality of sound files... 
<— The factors which impact the size and quality of sound files are all related — e.g. increasing 

VP 

the sampling frequency means more samples are taken per second, which decreases the sampling 
interval. Similarly, the sampling frequency and sample size are multiplied together to calculate 
the bit rate, so increasing either of them will increase the bit rate, and the file size too. 
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Compression 

In the modern world, we're practically swimming in badly lit photos and subpar pop songs — so many, in fact, 
that you’d start to wonder how we can possibly store them all. The answer is down to data compression. 

1) Data compression is when we make file sizes smaller, while trying 
to make the compressed file as true to the original as possible. 

2) Compressing data files has many uses: 

e Smaller files take up less storage space on a device. 

¢ Streaming and downloading files from the Internet is quicker as they take up less bandwidth (p.20). 

e It allows web pages to load more quickly in web browsers. 

¢ Email services normally have restrictions on the size of the attachment you can send — 
compressing the file allows you to send the same content with a much smaller file size. 

1) Lossy compression works a ete removing data from the fle -—— 
this limits the number of bits the file needs and so reduces its size. 

2) Lossless compression makes the file smaller by temporarily removing data 
to store the file and then restores it to its original state when it’s opened. 

E.g. of File Types 

Greatly reduced file size, meaning Lossy compression loses data — the file | ¢ MP3 (audio) 
more files can be stored. can’t be turned back into the original. © AAC (audio) 

¢ Lossy compression can’t be used on text 
or software files as these files need to 
retain all the information of the original. 

e Lossy files are worse quality than the 
original. But, this loss in quality is 
normally unnoticeable. 

¢ Lossy files take up less bandwidth 
so can be downloaded and 
streamed more quickly. 

¢ Commonly used — lots of 

software can read lossy files. 

e JPEG (image) 

Data is only removed temporarily Only a slight reduction in file size, so FLAC (audio) 
so there is no reduction in quality lossless files still take up quite a bit of ° TIFF (image) 

L. — the compressed file should space on your device. E.g. a lossless * PNG mare) 
x look or sound like the original. song may have a file size of around 30 8 
2|e Lossless files can be decompressed MB, while the same song with lossy 

“ — turned back into the original. compression may be 5 MB. 

e Lossless compression can be used 
on text and software files. 

FEXAANPLe: | Phil has just heard a new band on the radio. He wants to download fifty of their songs 
from the Internet and store them on his smartphone to take on holiday. State which 
type of compression would be most appropriate in this situation and explain why. 

Lossy compression would be the most appropriate. Lossy files are smaller so they would take up 
less bandwidth, meaning Phil could download the songs more quickly. Their smaller file size would 
also allow him to store them all on his smartphone without Pancha up too much storage space. 

RE RE ES SEE EES > SE I Tee a 

The best compression type? I’m afraid I’m at a loss... Fi 
Lossy files aren’t as high quality as the originals, but the difference is normally unnoticeable to us 
unperceptive humans. This helps to explain why lossy file formats like JPEG (for photos) and MP3 (for music) 
are so popular — they save a lot of storage space and their inferior quality is hardly noticeable. 

Section Seven — Data Representation 
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Warm-Up and Worked Exam Questi 

That’s the last of the stuff you have to learn, but you're not finished yet — there are a whole bunch of — 
questions to answer. For the final time, test what you've learnt with these warm-up and exam questions. 

= ay 4. 

ns 

= sade 
PO Eee 

What is the difference between the character sets ASCII and Unicode®? 

2) How many different colours are possible with a colour depth of 4? 

3) What would be the effect on the file size of an image if: 
a) the colour depth was increased? b) the resolution was decreased? 

4) What is the bit rate of an audio file with a sampling frequency of 50 kHz 
and a sample size of 4 bits? 

5) What would be the effect on the file size and quality of an audio sample if: 
a) the bit rate was increased? b) the sampling interval was increased? 

Name the two types of compression and give one reason why each one is useful. 

Sound is converted from an analogue sound wave to a digital format using sampling. 

Complete the flow diagram below to show the process of sampling. 

INPUT 

analogue 
sound at specific intervals. 

Samples taken of amplitude 

The key thing to get across 
QUTPRUT 

digital 
data 

is that analogue waves are 

sampled to be turned into 

digital (or binary) data. 

Samples turned into 

digital data. 

[4 marks] 

2 State and explain which type of compression would be most appropriate in these examples. 

a) Uploading 100 holiday photographs to a social media account. 
Make sure the explanation relates 

to the context of the question. 
TAR e meme Meee e eee eee ee eee eee eee ees Esse s HEHE HEHEHE HEHEHE HEHEHE HEHE EEE EEE EEE EEEES EEE EES EEE EE EEE EEE EEE EEE EES 

Pee mem ee errr eereebasaaesesssr ses ees esses et assesses sees see eee HE eee SEH EEE HEHEHE HEHE EEE SEEEEESES EEE EEE ESESESEEEEE OED E SEES EOE 

PHT H Here rereserseeresteseres sess es Tee EsEsEE SEE SEE SEE HEE EEE SEE ESHEETS EE HEE HEH SEE SES EE EEEHEE EEE EES EE EEESEE EER SEE EES ESOS EOE EE EES 

POCO e meer eee ee eeeese eee EEE EEE EEE EEE HHO TEESE SESS EH EES EEE EEE EEE EE ESOS ED EES EES ES ESSE OSES EEE ES EEE E OSES EEEEES 

FTTH E HOH a eee eee HEHE HEHE EEE HEHEHE HEHE EEE HEE H EE EEE HEHEHE EEE EEEHEEEEE EES EE EEE EESEESEEE EES ESOS ESSE EES EEE EEE EES O EEE EE EEEES 

oe STH POH Hee mee HEH eee EEE HEH HEHEHE STO SES EES ESHEEE EES EEEEESEEHEE HES H ESSE SES EES EES HEHEHE EEE EEE EES EES HESS SESE ED ESD EEE ESE OSES 
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: Exam Questions 

Helena is writing a news article using a word processor. 

a) Define the term ‘character set’. 

[1 mark] 

b) Complete the flowchart to explain how Helena’s computer recognises characters she enters. 

[2 marks] 

4 Jade records herself reading two extracts from a novel to use in an audiobook. 

The bit rates and sampling frequencies of each recording are shown below. 

Sampling Frequency 
ee 1 | 2 minutes | 128 kbit/s 

| Extract 2 | 2 | 2 minutes | 320 kbit/s 

a) Explain which extract would have the better sound quality. 

[1 mark] 

Duncan prints a 10 x 10 inch photograph with a resolution of 60 DPI. 

a) Calculate the total number of pixels in Duncan’s photograph. 

Remember that you're not 

allowed to use a calculator. 

b) Explain how decreasing the DPI would affect the image quality. 

[2 marks] 

Section Seven — Data Representation 
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Revision Questions for Section Seven 

That's the end of the content. Get through these questions, then it’s time to have a go at the practice papers. 

¢ Try these questions and tick off each one when you get it right. 

e¢ When you've done all the questions for a topic and are completely happy with it, tick off the topic. 

Logic and Units (p.98-100) [_ ] 
1) For each of the 3 main logic gates: a) Draw its symbol. 

b) State how many inputs and outputs it has. 
c) Draw its truth table. input a 

2)* Draw the truth table for the logic diagram on the right. oh iat Output 
Input C 

3 

) 

) Why is binary used by computers? 

4) Put these units in order of size: Terabyte, Petabyte, Kilobyte, Gigabyte, Megabyte 

) 5)* A hard drive has a storage capacity of 2000 gigabytes. 
a) How many terabytes is this? b) How many megabytes is this? Eb SASS 

Binary and Hexadecimal (p.103-107) [. ] 

6)* Convert the following denary numbers to: — a)__ binary b) hexadecimal 

(Hatz (il) 148 (ili) 240 

7)* Convert the following binary numbers to: — a) denary b) hexadecimal 
(1) 0011 1000 (ii) 10011111 (iii) 101011 

8)* Convert these hexadecimal numbers to: a) denary b) binary 
(1) 4A (il) 75 (iii) BDO 

9)* Add the binary numbers 0101 1101 and 0011 0010. 

10) What is an overflow error? 

11) What effect do left and right shifts have on binary numbers? 

SINS, SW 12) Give three reasons why programmers prefer hexadecimal over binary and denary. 

Characters (p.110) [  ] 
13) What is the definition of a character set? 

14) Give the four types of character that are included in a character set. HO 
15) a) What are the three main character sets? 

b) For each of your answers to part a) state how many bits it takes to represent each character. [] 

Images, Sound & Compression (p.111-113) [  ] 
16) What is meant by a bitmap image? 

17) Define colour depth. 

18) What is an image’s resolution and what units do we use to measure it? 

19) Name two ways in which increasing the resolution or colour depth will affect the image. 

20) What is metadata and what is it used for? 

21) In no more than four bullet points, explain how audio sampling works. 

) 22) Give a definition for each of the following and explain what happens when you increase each of them: 
a) sampling frequency b) sampling interval c) sample size d) bit rate 

23) Give four reasons why you might want to compress data. 

24) What is the difference between lossy compression and lossless compression? 

25) Give three reasons why you might want to use: a) lossy compression b) lossless compression 

*Answers on p.147_ 

Section Seven — Data Representation A 
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Practice Paper 1 
Once you've been through all the questions in this book, you should be starting to feel prepared for the 
final exams. This practice paper will test you on Sections 1-3 of this book and contains a mix of short 
answer and longer answer questions. It also has an extended writing Aussi and an algorithm question. 

— a —— LE ee 

GCSE OCR Computer Science 

Practice Paper 1 . [ certreinamé 
Computer Systems Centre number | 

Candidate number | 

Time allowed: 

* 1 hour 30 minutes 
Surname Doub | 

Other names VicY Ne 

Candidate signature 
You may not use a calculator 

Instructions to candidates 

¢ Write your name and other details in the spaces provided above. 

- Answer all questions in the spaces provided. ; 

* Doall ously WOH in this book. Cross through any work eu ale not want to be marked. 

Information for candidates 

« There are 80 marks available on this paper. 

* The marks available are given in brackets at the end of each question. 

* Quality of extended responses will be aaacece: in this paper in questions marked with 

an asterisk (*). 

| For Shee use 

= a 
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Answer all questions in the spaces provided 

1. Annie has a three year old laptop. She is giving it a full service before selling it on. 

(a) Annie runs some ‘Disk Health’ utility software to check for any problems with her HDD. 

(i) Define what is meant by utility software. 

Sofkwore.. designed tp. nantain.o. competer. suster 
[1 mark] 

rr. Perr eh a Serre e reer ee) PERE E Ee aeeee eee eee eee eee errr ©. CV cerereseee epee eee eee eee eee eee eee ee) 

(b 
— 

The utility reports that Annie’s hard disk is 25% fragmented. 

(i) Explain one problem caused by a fragmented hard disk. 

b errr eee reer eee eer ee ee eee eee eee eee eee eee eve E eee) Pee eee eee ee a ek ee 

Srey fo TERETE EE EEE PPR eee eee CeCe Cee coe OPO ee Cee, fees ee eee ee eee eee eee ey 

down (he computer a 
(ii) Briefly describe the defragmentation process. 

AS eee eeeeeeee eee eetaes!, ot Peeeereeh. (Core ee reer eee ee eee eee ee eee eee eee eee (eee) 

rae See Pere e eee reer ee errr Chee 4 ree eee Preece Seer ft . <eecee od. Pee ee ee ee ere eee eee eee were ere) Cid Pe ey 

heads dan’t have bo Move os Par actoss aH aisk [3 marks] 

creas M rhe ad wet eed. 
(c) amas pans pe orm a AL SN ener why it could be better 

to do the disk clean-up before defragmentation, rather than afterwards. 

Tee Pee eee eee eee eee Cee re eee eee eee eee. CPP eee eee eee eee ee eee eee eee eee eee eee eee eee eee ee eee eee ee eee eee eee 

[1 mark] 

(d) Annie is considering getting a new laptop with an SSD rather than an HDD. 

Give three advantages of choosing an SSD over an HDD. 

1 An... SD has..0o..4 ae cs so. is More. ducab\ 
2 SSDs. nave. quicker rod [Lune speeds... that. HDDs. 

( 

[3 marks] 
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Karen stores her holiday pictures in the cloud. She decides to download an image 

from the cloud to her laptop. 

(a) Define what is meant by the cloud. 

the. cloud._ts..server slorade - provided by O 
es aid ne 

(b) Karen’s laptop and the cloud server have a client-server relationship. 

Describe the communication that takes place between the cloud server 

and Karen’s laptop when she downloads the image. 

[2 marks] 

(c) The image is transferred from the cloud server to Karen’s laptop using packets. 

ve, (i) Explain how packets are used to transfer the image over the Internet 
to Karen’s laptop. 

d 
ee eee eee ee ee ee ee ee ee 

eee eee eee eee eee eee eee eee eee ee eee eee eee ee eee ee eee ee 

Tete eee eee eee eee eee eee eee eee eee ee ee eee eee eee ed 

tee ee ee ee ee eee eee eee eee eee eee ee ee ee er 

ete eee ee eee ee eee eee eee eee eee ee eee eee eee ee eee eee ee ey 

eee eee eee eee ee eee eee eee eee eee eee ee eee ee eee eee ee eee eee ee ee ee ee ee ee ee 

eee eee eee eee ee eee eee eee eee eee eee ee eee eee eee eee eee eee eee eee eee ee eee eee eee eee ee ee ee ee 

[6 marks] 

(ii) Explain why packet switching is an efficient way to send data over large networks. 

[2 marks] 

(iii) State the name of the network protocol that is responsible for directing packets 

during the packet switching process. 

BREE EEE EEE EEE EEE EEE EEE EE HEHEHE HEHEHE HEHE HEHEHE EEE EEE EEE EEE HEHEHE HEED 

[1 mark] 
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(d) The cloud hosting company uses a system of network forensics 

as part of its network policy. 

(i) Define the term network policy. 

PTERTEEEEEUUE EERE eee OCCU CC CCC E CUCU CUE eee eee eee ee eee 

eee ee ee RRO OE ERECT TEETER EEE RTE TEETH EET TEETH ET EE EEE EEE EEE E ESET EEE EEE E EEE E HEHEHE SHEE EEE EEE ES 

TEPEPEPEET ETE TEEPE eee eee eee eee eee ee ee eee ee eee eee eee eee eee eee eee ee ee) 

eR EOE OOOO OTT TE OEE TEE EE EEE EERE EEE TETHER EEE REET EEE RHEE EEE EEE E EEE EE 

[3 marks] 

A Yorkshire-based television company has two studios, one based in Leeds and the other 
based in York. The company’s computer network is shown in the diagram below. 

Leeds — Local Area Network (LAN) York — Local Area Network (LAN) 

CATSe Wide Area Network (WAN) = 
cables ; between the two sites using aN 

leased fibre optic cables. 

Wireless ERS) d
D Ge 

Router Router Point (WAP) 7) 

= 

Ss —ass 

Switc 

(a) The Leeds studio uses wired connections, whereas the York studio 

uses wireless connections. 

(i) Select words from the following list to complete the sentences below: 

Ethernet WPA2 WAP Coaxial SQL Frame 

eee eee eee eee eee eee eee ee eee ee er) is a network protocol used on wired networks. — 

eee eee eee eee eee eee eee eee eee is a security protocol used on wireless LANs, — 
[2 marks] 

(ii) Describe one difference between a CAT5e twisted pair cable and a coaxial cable. 

ete eee eee eee eee eee eee eee ee eee eee eee reer reer ree err eer reer eee errr ee eee eee ee ee ee ee ee 

te ee ee eee eee eee eee eee eee ee eee eee eee eee eee ee eee eee ee eee eee ee ee ee ee ee ee ee 

[2 marks] 
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(iii) Outline the advantages and disadvantages of each LAN setup. 

STR escd TCA LG Nics LG ES NGS CEA ee tierra orcas agree scen cteannnatanenseumieniaseanrewinrereteewicr sess snuaeecer ase 

TORE C CCC CCC CCC Ce eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee ee eee eee 

TOPE CCCP PCC CCCP CCCP CCC CCC CCC CCCP CCC CCPC eee eee eee eee eee ee eee eee eee eee eee eee eee eee eee eee a) 

TORU CCC eee ee eee eee eee eee eee eee eee eee eee ee eee 

[4 marks] 

(b) The studios are connected in a Wide Area Network (WAN) using fibre optic cables. 

(i) State one advantage of using fibre optic cables rather than copper cables 

ina WAN. 

eee CeCe eee eee eee eee eee CCC CeCe eee eee eee eee eee eee eee 

[1 mark] 

4.* Recent years have seen the increasing use of computer technology 

to distribute and view digital media content (music, movies and books). 

Discuss the impact of the increasing use of digital media. 

In your answer, you might consider: 

* stakeholders 

* technology 

* environmental issues 

* legal issues 

RRR EOE EEE EERO EERE RE EERE EEE EEE EERE EEE E EEE EEE EEE EEE EEE EEE HEHEHE EERE HEE EEE EERE EEE EEE THEE HEHEHE HEE HEHEHE HEHEHE H 

POORER TREE EEE O HEE E EEE O EERE E ETEK RETR EE TEE TEETH EEE E EEE E SERRE EEE EEE HEHEHE EEE H EEE EE TEST TE HEHEHE EEE HSE HEHE EEE EHH HEHE EEE EEE EEE TEES 

SOO ReweEEE EEE E HEE ETOH THEE EERE REECE EEE ETE TEE E EE EEE EERE E EEE EE HEHEHE EEE EEE HEHEHE HEE EEEEE SHEESH SHEESH HEE EEE EEEE EHS E HEHE EEE HEHEHE EES 

PRET EEE EE EEE HERE EERE HETERO EEE TEETH HEHE SHEE EEE E EEE EEE EEE EEE HEHEHE HEHEHE EEE EEEEE HEHEHE THEE HEHE EEE HERE HH EH EH EEE EEE EE EEE 
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SURO C ONE DORA CONE e TARO RHMHSAMEAETCOCS SOCKS CODON SSP CCRT Re ee Posh CSO NEO en wwe ees Ow ee ee eee eee ee ee oe we ee eer. 2 oe ee 

COCO OO URE U OPPO SEHR SRST HOSRRENESORORTAETROAORESRRHOCOOOCERESSED URN CESS RSP ME RSP TEARS ECR OOOO ORES SCOR ee ee eee ee eae es eee ee eee eee 

ce PRUE NEU Ce ROOM RHO C CORO RRC R HOUR SSCAS SKC UNE RKO RT RATRRC CORSO SSSH SAPD CREE SSUO OSS CPK PARE RN OTS SOON s Se eee ee eS ee eS ee ee ee 

SRR NORE RRA U UST C PORN EOS SESUU TCO COEUR ESC PERUANO MOT RETR CR TRAE SSCS ORTASA CORRS TRU TESA TRCN ODER ERE SSRN SES ee NES aa ee Pee eee ee 

POOR RRR O SMMC R RNR O NNR OCHO RAREST RS SHUT CORTES UNS SHER O NTT R URETHANE RRR KECK TDA MCE CT SEEN SCARS TRE SE STEERER S SR RE RE OCRRS SSS SPREE eee es 

PPP TTTERCCLEROCTETEETORTLP rer ercrerereeereeee cee eee OUP eNO Pons ee  e e e T eT 

rrr Tr ererreriererrriererirererree eee eee seo renee urea re ee ei tt 

SPEER CREE EUR C CRO ORCC RRR C OUTRUN SUR RETR RCM RORO RE KREDORHERETEREDECCCRESTEKESRRS EUR CURR RRR ORDER COKE SEP B Rae SRR See 

PT TPEETEEEEE Eee ee CR ee eee eee i ee 

TTR EEETECETT Lee eee eee ee ee ee ee OO ee SUC CCC tC a) il It) 

PPrrrrrrEreRETePEeeee eee eee eee eee Cre eee rere eee eee 

TTT TETEE TTT PEPPER eee eee eee ee eee CCPC e eee eee eee eee eee eee eee ee) 

TTT EEPEEEEEEEEE TEETER EEE eee eee eee errr rer eee eee 

PTERUREEEEEETE TEPER PPP Pee eee eee eee eee ere eee eee eee eee eee eee ee ee 

TEETER ERERETEE EEE EEE EEE eee eee eee eee eee eee eee eee eee eee 

PTEPUUCEEEEEEE EEE EET CE eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee 

TEPEPEREREEEEEEE EEE ETOP EEE eee eee eee eee eee eee Peer ere eee eee eee eee ee eee 

TEPPER EEEEEEE EEE eee ee eee eee eee eee ree eer reer rece eer ee eee eee eee eee eee eee eee eee ee 

SEPP PPCPPCC Cee ee ee eee eee eee ee eee eee eee eee eee eee eee eee eee eee eee eee) 

TOPE PECECC COO eee eee eee eee ee eee eee eee rere ee eer eee eee ee eee eee eee eee eee eee eee eee eee ee) 

TOC eeee Cece eee eee eee eee eee eee eee eee eee eee eee ee eee eee eee eee eee eee) 

TOP PPCPC Cee eee ee eee eee eee eee eee eee ee eee eee ee ee eee eee eee eee eee eee ee Ce eee eee eee eee eee eee 

eee CeCe eee eee ee eee eee eee eee eee eee eee eee eee eee eee eee eee 

eee eee eee ee ee eee ee eee eee eee ee eee eee eee eee eee ee eee eee eee eee 

ROO EEE EEE EOE 

eee PCC CeCe Cee PCC CeCe eee ee eee eee eee Cee CCC CCPC ee eee eee eee eee eee eee eee eee eee CCCP eee eee CCC eee eee ee eee eee eee) 

eee eee eee eee eee ee eee ee ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee ee eee eee eee eee rs 

[8 marks] 
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Hardeep wants to try a new operating system on his computer. 

The new operating system is optimised for use with a touchscreen. 

(a) 

(b) 

(c) 

(d) 

Hardeep’s PC OS Minimum Requirements 

Processor: 2.1 GHz, 4 cores 1.0 GHz, 4 cores 

RAM: 2 GB 255 

Storage: 256 GB, 125 MB free 19 GB free space 
GPU: Integrated 256 MB Dedicated 512 MB 

Hardeep needs to upgrade some of the components in his computer before the new 

operating system can be installed. State which components must be upgraded. 

DMEM ec age ae sc on van tn on ny foe enti d sc hdres REL OEE ET CY, Haan CUE Chee NESS ones eaneennt 

P22. Bipiccase or ee ees: Se eS) eee ee eee 
[2 marks] 

Would you recommend that Hardeep upgrades any other components in his 

computer? Explain your answer. 

Pera shulea an etgy s Sesehadben dasiatamesenn odpunaseistabot +52 EL UR Re LIER. eet isn vsenvids ae 

Explain why an operating system requires a certain amount of RAM. 

ree ee ne RM te ae Ament aw euitiend vilkwesa ia» <b cGauch ivaes loov ag ateeepeeamie Dee 

The new operating system’s GUI is optimised for touchscreen use. Describe two 

features that a GUI may include to take advantage of touchscreen technology. 

SO EERE EEE EEE HERE HERE EEE EE EEE 

TEPC EEE COE Tee eee PPP eee ee eee eee eee eee eee CeCe eC eee ee ee eee CeCe eee eee eee eee eee eee eee eee eee eee eee eee 

[4 marks] 
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6. Dishley Academy stores personal information about pupils, such as name, age, 

address and phone number, on their network. 

(a) For the following actions, tick the corresponding box to show whether or not 

they would be allowed under the Data Protection Act 1998. 

Allowed Not Allowed 

Giving each teacher a USB flash drive 

containing the personal information of all 

the pupils who have attended the school. 

Transferring pupils’ personal information 

to their new school when they leave. 

Refusing to tell a parent what information 

is being stored about their son/daughter. 

Backing up pupils’ personal information 

on a drive that is stored in a locked safe. 

Using pupils’ personal information to 

get in contact with their parents. 

Putting pupils’ personal information on the 

school website to make it easier for 

teachers and parents to access. 

[6 marks] 

(b) The IT technicians at the academy want to protect pupils’ data against 

possible network attacks. Describe two different types of network attack, 

and suggest a method that could be used to protect against it. 

Type Of attack: | wii icesievensnsdaci stat satenmyweeuecscre sameseti edeeusaee peaecnene oes ees eee 

De SCriptiOn sy ociece nccecopebv-aret alt Heeeetoestheeime: ee Se AO tara eo ce 

eee CeCe eee eee eee eee ee eee eee eee eee eee eee eee eee eee 

Method. off proteCtions...s..csccsssen-soavsansnsneractacgyenruarenerensaraccciaaaateeteds mint tanen ee een 

Type of attack: ......sssvecssecccesssececde ce eeetees Scare Bee 

Description: 

eee ee eee ee eee eee eee eee eee eee eee ee eee eee eee eee eee eee eee eee eee eee ee eee ee eee eee eee eee eee eee eee) 

Method of protection: siscccc.ctzecetecescacseeckincceece i agein tea hanes Ee ce 
[6 marks] 
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A company has its employees’ computers spread across four floors. 

The computers on each floor are connected to that floor’s server in a star network. 

Employees need to access files on all of the servers, so each of the four servers are 

connected in another star network, with a central switch located on the ground floor. 

Ath Floor sh ei ail | Server 

3rd Floor 

2nd Floor 

1st Floor 

Ground Floor > sse55 

Switch 

(a) Describe the effect that the central switch failing would have on the rest of the network. 

eee tee eee eee eee eee ee eee eee eee eee eee eee eee eee eee eee eee ee ee ee ee ee ee ee 

[2 marks] 

(b) The company decides to remove the switch from the network and instead connect the 

four servers in a full mesh network, as shown in this diagram. 

4th Floor 

3rd Floor 

| 
| 
| 

me I 

2nd Floor | [E ! 

1st Floor 

Explain the advantages and disadvantages to the company of connecting the servers 

together in a full mesh network instead of a star network. 

Tee ee eee ee eee eee eee ee eee eee eee ee eee ee eee ee eee eee ee eee ee ee ee eee ee eee ee eee ee eee eee eee eee eee eee eee ee eee ee 

RO EEE EEE EEE HEE EERE REE EEE EEE EEE eee 

SRR REE EOE EEE ETHER EEE EERE EEE HERE HOO EEE E EEE EEE EERE EEE EE EEE REE EEE THEE E EERE HEHE HEHEHE EEE EERE EE EEE EEE EERE EERE E HEHEHE EEE EES 

CORRE EEE TEETH EEE TESTE EEE E HEHE EEE EEE EEE E TEETH EEE EEE EEE EEE EEE EE EE EEE EEE EE EEE SETHE EEE E EEE E EEE EEE EEE EEE EEE EEE TEESE EEE EEE EE EEE SEES 

[4 marks] 

Turn over > 
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(c) At the end of every day, the servers run a backup utility to decide whether to do an 

incremental backup, full backup or no backup. The utility uses two different variables: 

* incTotal stores the number of edited files since the last backup of any kind. 

* fullTotal stores the number of edited files since the last full backup. 

The number of files that have been edited each day are added to both variables. 

If the value of incTotal reaches 200, then the utility takes an incremental backup, 

and incTotal is set to 0. However, if the value of fullTotal reaches 1000, 

then a full backup is taken instead, and fullTotal and incTotal are set to 0. 

Write an algorithm to demonstrate the function of the backup utility. 

TECTTPETT LETTER ETTeeeeeeeeeee  eeeeeeeePe rere eee eee eee eee eee eee eee ey 

TEEPE RETEP ETP eee ee eee errr rrr eee ere eee eee eee eee eee eee 

TeCCCPPPEOPECO CECT Tee TTT eee eee eee eee eee eee eee eee eee eee eee eee eee eee) 

TEELERPEPEPECEEEERE TEETER eee eee eee eee eee eee ee eee re eee eee eee eee) 

TOC PCP CCPC CeCe eee eee eee eee eee eee eee eee eee eee eee ee eee eee eee eee eee eee eee 

TOC PCCP e PPP Pee eee eee ee ee eee eee eee eee eee eee eee eee eee eee ee a 

TRPEERECEOOCOOE EEE e eee eee eee ee ee eee eee eee eee ee eee eee eee eee eee eee eee) 

TOPE CCCPP CCC eee eee eee eee eee ee ee ee eee eee ee eee ee eee eee eee 

TERE PECEEEC EPEC e eee eee eee eee eee eee eee eee ee eee ee eee) 

eee eee eee eee Cee ee eee eee eee eee eee eee eee eee ee) 

TOP PPPC Cee eee ee ee eee eee eee eee eee ee ee eee eee eee ee eee eee eee eee eee eee eee 

eee eee eee eee eee eee eee eee eee ee eee eee eee eee eee eee 

eC PPeeee eee eee eee eee eee eee eee eee eee ee eee eee eee eee eee eee eee eee eee eee ee eee 

eee eee eee eee eee eee eee eee ee ee eee eee eee eee eee eee eee ee eee ee eee eee eee 

ee EE EEE EEE EEE EEE EEE EERE 

[6 marks] 

END OF QUESTIONS 
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Practice Paper 2 
This practice paper will test you on Sections 4-7 of this book and features more algorithm-based 
questions than Practice Paper 1 — this will be the case in the real exams as well. 
(sca - SS ee ca a a a a ee ee ed aR — 

GCSE OCR Computer Science 

Practice Paper 2 
Computational Thinking, 

Algorithms and Programming 

Centre name 

Centre number 

Candidate number | 

Time allowed: 

¢ 1hour 30 minutes 
Surname | 

Other names 

Candidate signature 

You may not use a calculator 

Instructions to candidates 

¢ Write your name and other details in the spaces provided above. 

* Answer all questions in the spaces provided. 

* Do all rough work in this book. Cross through any work you do not want to be marked. 

Information for candidates 

* There are 80 marks available on this paper. 

* The marks available are given in brackets at the end of each question. 

For examiner’s use 
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Answer all questions in the spaces provided 

1. A petrol station needs a program to calculate the cost of fuel for each customer. 

(a) Identify appropriate data types for: 

(i) The name of the fuel that the customer used. 

[1 mark] 

(ii) The total cost of the customer’s fuel. 

wy Tiucuzssuscuvoduansouin nberguncigetbasiinsauedadewauss ssmcmmatiadoden s-0SccdM™ paloma: cack ly ee obs 

(b) Explain why it’s important to use the correct data type to store information. 

cid invbinsvnal la Basie y vance se wel aaa aos cbse aR tie eee sy ete ee 

(c) Describe, with an example, how the function str() might be used 

when printing the receipt. 

Rr a rr ts iat bets Peco nO ebatdetede vont ates yllaeartaace 2: ee 

(d) The source code for the program needs to be translated into machine code. 

Outline two differences in the way a compiler and interpreter would translate 

the program. 

Wt sean veyed see Gps <igahy Sv Pas sn scanvi-anitbeiv ee eno BM Mee dares (eagpeaOR «cl beete me gg ea ee 

sin Mactes scdcnaveenteb ide deena nus dun seasastien crust de ge 2 Sage une paeeanes Reet mate ety ee ee 

Ee ere eo eren ae Pp 
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(a) Convert the binary number 10101000 into denary. 

eee eee eee eee eee eee ee eee eee eee eee eee eee eee ee eee eee ee eee eee eee eee eee eee eee eee eee eee eee ee eee ee eee eee) 

[2 marks] 

(b) Convert the binary number 10110101 into hexadecimal. 

Sa ETrade ixcc pa eene ance nccebes naane Hun madnaabannahiar sands Sunes 

(c) Calculate the sum of the binary numbers 10101000 and 10110101. 

Fe NE ak te cee Es et I REMEGRR Che So vale Ree deta bes deca saab Aienczdnuetwnedeeanwon Sy 

(d) When a computer tried to add the binary numbers in part (c) together, 

an overflow error occurred. What is meant by the term ‘overflow error’? 

FR SO soe ERE ERTL. SEES SERRE TES Eee PPE ROSS" Te 

Lenny is writing a program for an exercise bike that adjusts the difficulty 

based on information about the user. 

(a) One of Lenny’s sub programs takes wei ght as a parameter. 

(i) Define what is meant by a ‘parameter’. 

a Oe IT eo oa Cee eA sail) ooo x «nce s Dok nine Veen ra sesu vai exsst ox clceex¥dtpnenvenemusy Foes 

(ii) What is the scope of a parameter? 

jocadspipedenses hin Gee ol Sp eee eee aay 

(iii) Outline how arguments are different from parameters. 

a icc tig cx exes ccyexceud@dsrancuandctuyrarsudserersestssccacencnses pao 

Turn over > 
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(b) The code below appears near the start of Lenny’s program. 

(c) 

global difficulty 

input weight 

procedure setInitialDifficulty(weight) 

difficulty = weight DIV 6 

endprocedure 

(i) Explain what the first line of this code does. 

TOC PCP eC e eee eee eee eee eee ee ee eee eee eee ee ee eee eee ee ee ee eee eee ee eee eee eee eee) 

TOCPCCCCCC CeCe eee eee eee ee eee eee ee ee ee eee eee eee ee ee eee eee eee ee eee eee eC eee ee eee eee eee eee eee eee eee 

[2 marks] 

Lenny wants a sub program that adjusts the difficulty depending on the user’s heart 

rate. 

¢ If their heart rate is below 90 then the difficulty level should be increased by 1. 

- If their heart rate is over 140 then the difficulty level should be decreased by 1. 

¢ If their heart rate is over 160 then the difficulty level should be set to 0 

and the warning message “Slow Down!” should appear. 

Write a sub program that takes heart rate as a parameter and adjusts the difficulty 

level as stated above. 

ee eee ee ee 

eee eee eee eee eee eee eee eee eee eee eee eee ee eee eee eee eee ee eee eee eee eee ee eee ee eee eee eee ee eee ee eee ey 

eee eee eee eee eee eee eee eee eee ry 

eee eee eee eee eee ee eee eee eee eee eee eee eee eee eee ee eee eee CeCe eee eee ee ee eee eee eee eee Cee cee Cee eee eee eee ee ry 

et ee eee eee eee eee ee eee eee ee eee eee eee eee eee eee eee eee eee eee ee eee eee ee 

tt ee eee eee eee eee eee eee eee 

et eee eee eee eee eee eee eee eee eee eee eee eee ee ee 

BREE EERO EEE EEE EERE EERE EERE EEE EEE EE EEE EEE EEE HEHEHE EEE EEE EEE HEHEHE EEE EEE 

eee eee eee eee eee eee eee eee ee eee eee eee ee eee eee eee eee eee eee cee eee eee eee eee ee eee ee ee eee ee ee ee ee ee ee 

[4 marks] 
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4. Acaruses a logic circuit to decide whether to start the engine or not. 

* The car has two buttons, labelled S (START) and D (DRIVE). 

If both buttons are on, the engine will start. 

* The engine also starts if the ignition switch I is turned on. 

(a) Draw the logic circuit diagram for this system, with Z as an output. 

[3 marks] 

(b) Fill in the missing values in the truth table for the logic circuit above. 

[3 marks] 

Turn over > 
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5. Every 5 minutes, an app on a mobile phone records the electrical current (in mA) 

passing through a pair of connected headphones. A sample of the readings is 

shown in the table below. 

10mA | 15mA | 12mA 
(a) Show the stages of a linear search to find the value ‘12 mA in the list above. 

TEEEERERERELEREEEERECE EEE e reer ee eee eee eee ee 

PTEPEPEPEEECEOOPEEEEEEEEEEEE EEE eee eee EU eerrrrrrrrrre rer rerree reece eee eee eee eS 

TTT TTP EPP Pee eee eee eee ee eee eee eee reer eee eee eee eee eee eee eee eee eee ee ee 

TPT TPEPE ETT E EeePC eee e errr reer eee eee eee 

PTRPEPECEE EPEC CPPCC EPEC PPP eee eee eee eee eee eee eee ee eee eee ee ee eee eee eee eee ee 

[2 marks] 

(b) If areading is greater than 30 mA, the mobile phone will buzz and the program 

will stop. If not, the program will wait 5 minutes before taking another reading. 

Draw a flow diagram to show this program. 

[6 marks] 
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Florence is a graphic designer for a publishing company. The image editing software 

that she uses represents each unique colour as a six digit hex code. 

(a) As a power of 16, how many possible unique colours could Florence use? 

eee eee eee ee eee eee eee eee eee ee eee eee eee eee eee eee eee ee 

[1 mark] 

(b) Explain one benefit to programmers of using hex codes to represent 

the different colours. 

ee PC CPPCC PPC ee eee ee 

[2 marks] 

Florence saves the same image as three different file types (Shown in the table below). 

size | 02Me | ime | 09Mo 
(c) One of the file types uses lossy compression. State and explain which file type 

is most likely to be an example of lossy compression. 

eee CeCe eee ee eee eee eee eee eee eee eee rr) 

OCC CeCe eee eee eee eee eee eee eee eee eee eee eee eee eee eee ee eee eee eee rr) 

[2 marks] 

(d) Evaluate the impact if Florence always used lossless compression 

to store all her images. 

a laced ences nescendiasnesties aS ponnmeneeindndesvagne unit ae 

(e) Give two pieces of metadata that are often included in image files. 

Shc ces cha pais hdial dns ka unhcnncndnnnnmntadechansnenentansntidnvvanxsses 

ccc esaapawilasaee eeu alae dntvaansiutnadaVssciasesonsarinsacode ses fSPagnnanydan 
[2 marks] 

Turn over > 
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7. Tony is writing a program to calculate a player’s score in a dice game. 

A player starts with a score of 0 and rolls a six-sided dice as many times as they want. 

After each roll they add the number the dice lands on to their score. The aim is to get 

as close to 21 as possible. If you go over 21 you get a score of 0. 

The flow diagram below shows an initial design for his program. 

Yes 

| fot gies wenn Re ve, ie npu ro score = score ro again? 

Output score 

No 

(a) Tony designs a test plan for his program. 
Explain why it’s important for the test plan to include erroneous test data. 

RRR ER EO EERE ETE EERE EEE EEE EEE HEHEHE EE EEE EEE RHEE HE EEE ET EEE EEE EEE EEE 

[2 marks] 

(b) Tony tests each of the following sequences of inputs in his program. 

For each test, state the type of test data, the intended outcome, 

and what the actual outcome will be with his program’s current design. 

(i) 5, 6, 4, 3, 2 

Type Of data 2..8.eicccctetsfencns eset Sete osnenetane feo) stent en rae ee eee 

Intended@Outcomée? 229/222. BORN. AY RWS, BONS. AR ee ee ee 

Actual QuICOMe@?® cece cisicccontssdccececegs sceaeaccsesedncameemcce cece: Gee cece ementn sete ee att an nnn 

(ii) 5, 9, 3, 2 

Type Of datas ..c i cccdin-analetiescatescecsesmnceacctnneddenseee Sneteles te agian ene ge 

Intended Outcome: 

Actual Outcome: eee eee eee eee ee eee eee ee eee eee eee ee eee eee ee eee eee eee eee eee eee er) 

(c) Identify two ways that Tony could use input validation in his program. 

eee eee eee eee eee eee eee eee ee eee eee eee eee eee eee eee eee eee ee CeCe eee eee eee rere reer e reer rrr ee Teer ree ee eee ee ee eee ee et 

[2 marks] 
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A comic book shop stores information about each of its comics in records. 

The table below shows two records stored in the comics table. 

IDNo.| Title _| Date published | Length 
0001 | Hike of Hope 04-05-2015 

0002 | Space Voyage 05-09-2015 

(a) Explain why the comic book shop has chosen to store this information 
in records rather than an array. 

Genre Rating 

Adventure S 

Science Fiction | 4 

[2 marks] 

(b) Write an SQL query to return: 

(i) the titles of all Science Fiction comics. 

eee eee eee eee eee eee eee eee eee ee eee eee eee ee eee eee eee eee eee eee eee eee eee ee eee eee) 

(ii) the titles and lengths of all the comics that have fewer than 50 pages 
and a rating of 3. 

Tere eee ee eee eee ee ee eee ee eee CeCe eee eee eee ee eee eee eee eee eee eee eee ee eee eee eee eee eee eee eee eee ee ey 

[2 marks] 

The Prime Koalas are a band consisting of four members: 

John on guitar, Paul on bass, Cheryl on vocals and Ida on drums. 

(a) Complete the code below to generate a 2D array containing 

the names and instruments of all the band members. 

array primeKoalas[4, 2] 

primeKoalas[0O, 0] = "John" 

primeKoalas[1, 0] Paul” 

primeKoalas[2, 0] “cCheryt” 

primeKoalas[3, 0] wida- 

[2 marks] 

Turn over > 
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(b) John wants to open the empty text file called musicians.txt and write to it. 

Each line of the file should contain a different band member and their instrument. 

Write an algorithm that uses your array in part (a) to write this information to the text file. 

TT TERETTEPELOREEEUPTEeirre ee CEE UCUe ee ee ee ee 

Tree er TTP eee Cee eee eee eee eee eee eee 

eee URC O MOOR DATA ROCCO RKP COC NRA R ETE ORE TNE Ce OTOH MS Ewe CP CARTOONS SSP eRe wee eee ee i 

Pewee ewe eee eee eee ERB BB ORT TET OOOO PRETO EEC R EEE E ESTEE EEE E EEE E EEE E THEE HE EEE ESOS SEE SE EEE HEHE ESSE SE EEEE ESS ESE SHEE EEeesee EEE EEE EES 

PTT T TTT ETT ee eee eee ee CCPC eee Ce eee eee eee eee eee ee) 

TOPPER EE ETE Pere eee eee eee ee eee re eee eee eee eee eee ere eee 

TOPPER EEE T TPE PP PEC Pe errr eee ee eee eee eee eee eee eee eee eee) 

[3 marks] 

(c) The sub program toSpeech() takes a string as a parameter, turns the string into audio 

data and reads it out loud. Write a procedure using toSpeech() that takes a file name 

as a parameter and reads out all the data in the file. 

TOPE ECP RECT ee eee eee eee eee ee eee eee eee eee eee eee 

TORT Cee eee eee eee eee eee eee eee ee eee eee eee eee eee eee eee eee eee eee eee eee ee 

TOC CCPO Pee eee eee eee eee eee eee ee ee eee eee eee eee eee eee 

TORE CEEECCC CCC E CeCe eee ee eee eee ee eee eee eee eee ee eee ee eee eee eee eee eee eee eee eee eee ee eee eee eee 

TOPE PPCPPP CC Ce eee eee eee eee eee eee ee eee eee eee eee eee eee eee eee ee eee eee eee eee eee ee ay 

POPP PPPPeee eee eee ee eee eee eee ee eee eee eee eee eee eee eee eee eee ee 

EPEC PP PEEP eee eee eee eee eee eee eee eee eee rere ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee) 

Tee P eee eee eee eee eee eee eee ee ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee ee 

OEE 

eee eee eee ee eee ee eee ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee 

OPP PPeP eee eee eee ee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee a 

ROO EEE EEE EEE EEE EEE EEE EEE EEE EERE EE EEE RHEE EHH EEE EEE EEE 

[5 marks] 

END OF QUESTIONS 



Answers 

Page 10 (Warm-Up Questions) Section One — 

Components of a Computer System 

Page 4 (Warm-Up Questions) 

] E.g. 

* Power supply 

* Case cooling fan 

- GPU 

* Heat sink 

* Optical drive 

* RAM 

* Hard Disk Drive/HDD 

* Graphics card/GPU 

* Motherboard 

1 Control Unit Other Registers 

: Program Counter 
a = s8e0 MAR 

ALU - 

MDR 
. Accumulator : 

a) The accumulator stores the results of 

calculations done by the ALU. 

b) The MAR holds any memory address 

about to be used by the CPU. 

c) The MDR holds data or instructions that have been 

fetched from / are about to be written to memory. 

Page 5 (Exam Questions) 

3 a) A computer system built into another device. /7 mark] 

b) Any two devices, e.g. 

¢ Dishwasher /7 mark] 

* MP3 player /7 mark] 

¢ Digital thermometer /7 mark] 

¢ Washing machine /7 mark] 

¢ Manufacturing machinery /7 mark] 

[2 marks available in total] 

c) Any two benefits explained, e.g. 

¢ Embedded systems are far smaller than general 

purpose computers /7 mark] which means microwaves 

can be made more compact. /7 mark] 

« Embedded systems are cheaper to produce than 

general purpose computers /7 mark] which can reduce 

the costs / sale price of microwaves. [J mark] 

¢ Embedded systems tend to be more reliable than 

general purpose computers /7 mark] which means 

that microwaves are less likely to break. /7 mark] 

[4 marks available in total] 

a) Any two functions, e.g. 

¢ The control unit executes instructions. /7 mark] 

* It follows the fetch-decode-execute cycle. [7 mark] 

* It controls the flow of data within the CPU. /7 mark] 

* It controls the flow of data between the CPU and other parts 

of the computer system (such as memory, and input and 

output devices). {7 mark] 

[2 marks available in total] 

b) E.g. The ALU carries out arithmetic operations, e.g. addition, 

subtraction and multiplication (using repeated addition). 

[1 mark] It performs logic operations on binary data, such as 

AND, NOT, and OR. /7 mark] 

c) E.g. The cache is extremely fast memory in the CPU. /7 mark] 

It stores regularly used data or instructions. /] mark] The CPU 

can access data stored in the cache much faster than retrieving 

it from RAM. [J mark] 

137 

RAM is volatile memory that can be read from and written to, 

used to store files and applications while they are in use. 

ROM is non-volatile memory that can generally only be read, 

which contains the startup instructions for the computer. 

A clock speed of 3 GHz means that the single-core processor 

can process 3 billion instructions per second. 

a) Magnetic tape 

b) E.g. Optical disk / CD / DVD / Blu-Ray™ 

c) Hard disk drive (HDD) 

E.g. 

* Optical disks tend to have lower capacity. 

¢ USB pen drives have faster read/write speeds. 

* Optical disks are easily scratched. 

¢ USB pen drives are more reliable for repeatedly rewriting to. 

¢ USB pen drives are pocket-size so are easier to carry. 

Page 11 (Exam Questions) 

A) i. 

¢ Secondary storage is needed to store data and software in the 

long term. /7 mark] 

Secondary storage is non-volatile memory, so retains data 

when there is no power. /7 mark] 

Computers could not function without permanent data 

storage, as all software and data would be lost when switched 

off. {1 mark] 

Secondary storage has a high capacity, so you can store a lot 

more data. /7 mark] 

[3 marks available in total] 

b) Any two advantages, e.g. 

* Optical discs have a low cost per GB. /] mark] 

¢ They are highly portable. /7 mark] 

¢ They are durable against shock and water damage. /7 mark] 

Any two disadvantages, e.g. 

* They are very slow to write to. {J mark] 

¢ They require an optical drive to be read / written. /7 mark] 

¢ They can be scratched easily. /7 mark] 

* They have a low capacity compared to other forms of storage, 

e.g. flash memory cards. {7 mark] 

[4 marks available in total] 

a) Cache is much faster than RAM. /7 mark] The larger the 

cache, the more data can be stored for quick access by the 

CPU, meaning the CPU should perform better. /7 mark] 

b) E.g. Jackson’s CPU has more cores than Will’s CPU, which 

should mean better performance. /7 mark] It also has a larger 

cache than Will’s, which should again lead to better CPU 

performance. {J mark] On the other hand Will’s CPU has a 

higher clock speed than Jackson’s, so there is a chance that 

Will’s may give better performance than Jackson’s. /J mark] 

Overall, it is hard to tell whether Will’s CPU will offer better 

performance, therefore it seems unwise to buy Will’s CPU, 

as it may be no better than Jackson’s current one. /7 mark] 

If you'd decided that Will's CPU was the best option, you'd still 

get the marks as long as you'd put together a sensible argument 
based on comparisons of the CPU specs. 

c) E.g. Increasing the amount of RAM increases the amount of 

data / number of applications that the computer can hold in 

memory. /1 mark] Jackson may not use all of the current RAM 

in his computer, as he may use undemanding software 

or he may not open many programs at once /7 mark] 

so adding more RAM will not improve performance. /7 mark] 

[2 marks available in total] 

Answers 
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l 

138 
uestions 

Eg. 

¢ User account control 

* Password/pin protection 

* Pattern locking 

* Fingerprint/retina scanning 

A compression utility reduces the size of a file so that it takes up 

less disk space/transfers quicker/etc. 

Open Source Proprietary 

OS Linux macOS* 

Utility | Windows” Firewall 

Other VLC Media Player | Adobe” Photoshop” 

Page 18 (Exam Questions) 

a) Eg. 

* Open source software is software where the source code is 

made freely available. /7 mark] 

¢ Users can legally modify the source code to make their own 

version of the software. /7 mark] 

* Modified versions of the original source code can be shared 

under the same license as the original software. /7 mark] 

[2 marks available in total] 

b) Any one advantage, e.g. 

It’s usually free of charge. [7 mark] Free software can be 

used as a marketing tool — once the device is paid for, the 

user won’t need to pay for any more software. /7 mark] 

The software’s source code can be adapted by users [7 mark] 

which may increase the functions of the TV-PC. /J mark] 

Popular open source software can be very reliable as 

problems may be quickly fixed by the community or 

developers /1 mark] meaning Ioteck may not need to 

work on / push out their own updates. /7 mark] 

Any one disadvantage, e.g. 

* They may have unpatched holes in security /1 mark], 

which could worry customers and reduce sales of the 

product. /1 mark] 

If there are problems with the open source software 

[1 mark] \oteck may not have any support from the 

software developers. /7 mark] 

loteck won’t be able to make money by selling their own 

proprietary software, /7 mark] so they may make less 

profit from the product overall. /7 mark] 

[4 marks available in total] 

A full backup is where a copy is taken of every file on the 

system. {J mark] An incremental backup is where only the 

files modified or created since the last backup are copied. 

[1 mark] 

b) E.g. The company could do full backups once a fortnight, 

[1 mark] but do incremental backups twice a day. [7 mark] 

Every 6 months, the company could use data compression 

software to compress the previous 6 month’s backups in order 

to reduce the file size. {17 mark] Backup disks / tapes can then 

be placed in a fireproof box / locked safe or kept on a different 

site to protect against fire / flood / theft. {7 mark] 

5 Es 

* When applications / programs / files are opened, 

the OS moves the necessary parts to memory. /J mark] 

* The OS will remove unneeded data from memory, 

e.g. when programs or files are closed. [1 mark] 

* The OS divides memory into segments. When different 

programs are used, their data is placed into different segments 

so that running applications can not write over or interfere with 

each other. /7 mark] 

Answers 

* The OS organises the movement of data to and from 

virtual memory. /7 mark] 

* The OS divides CPU time between running applications / 

programs / processes, as it can only process one at a time. 

[1 mark] 

* The OS can prioritise CPU time for different programs in order 

for them to be processed in the most efficient order. /7 mark] 

[6 marks available in total — award a maximum of 4 marks 

for points about RAM or CPU time] 

Section Two — Networks 

Page 25 (Warm-Up Questions 

| Eig. 

¢ Network Interface Controller (NIC) 

¢ Switch 

pSaee 

¢ Ethernet cables 

¢ Wireless Access Point (WAP) 

Clients send requests for data/services to the server, 

which processes the requests and then replies. 

E.g. video calling/file sharing/etc. 

Partial Mesh | Full Mesh 

For the partial mesh topology, there are lots of possible answers — 

all you need is for all nodes to be indirectly linked to each other and 
for there to be more than one way to get between some of the nodes. 

Page 26 (Exam Questions) 

2 

3 

4 

a) Ethernet is wired, Wi-Fi® is wireless /] mark] 

b) Switch: directs data between devices in a LAN. /7 mark] 

Router: transmits data between separate networks / across 

a WAN / across the Internet. /7 mark] 

WAP: allows devices to connect to a LAN wirelessly. {7 mark] 

Any one advantage, 

E.g. If a single device or connection fails on a mesh network, 

the network still functions as data can go along a different route. 

[1 mark] Ina star network, central switch failure will cause the 

whole network to fail / a single connection failure will cut that 

device off from the network. /7 mark] 

Any one disadvantage, 

E.g. Devices in a mesh network need many more connections 

than in a star network. /7 mark] This requires a lot of cabling 

which can be expensive / impractical for networks with a large 

number of nodes. /7 mark] 

a) A Peer-to-Peer network is a group of devices connected to 

share data with each other /7 mark] in which all devices are 

equal / connected without a server. /1] mark] 

A Client-Server network is a group of devices connected 

to a central computer (server) /7 mark] which manages the 

network / processes requests from devices (clients) / stores files 

centrally. {7 mark] 



E 

2 

b) Any two benefits, e.g. 

* User files are stored centrally so resources are used more 

efficiently / files are less likely to be duplicated. /7 mark] 

* Software is easier to install / update because it is centrally 

stored. {1 mark] 

¢ Servers are more reliable than peer machines. /7 mark] 

¢ It is easier to backup data centrally. /7 mark] 

¢ There is greater security as anti-malware software can be 

installed centrally / user access to files can be controlled. 

[1 mark] 

Any two drawbacks, e.g. 

* Client-Server networks are expensive to set up. /J mark] 

¢ The business would need to employ an IT specialist to 

maintain the server / network. /7 mark] 

* If the server fails then all the client computers lose access 

to their files / client computers are dependent on the server. 

[1 mark] 

[4 marks available in total] 

age 34 (Warm-Up Questions 

il 

IP 

CP Sets rules for how devices connect on the network / splits data into 
packets / reassembles packets into original data / checks data is sent 
and delivered. 

Responsible for packet switching. 

HTTP | Used by web browsers to access websites / communicate 
with web servers. 

HTTPS | Amore secure version of HTTP. 

Used to access, edit and move files on other devices. 

Used to send emails / transfer emails between servers. 

a) 

b) 

c) 

d) 

Used to retrieve emails from a server. The user downloads a copy of 
the email and the server holds the original email until the user deletes it. 

Used to retrieve emails from a server. The server holds the email 
until the user downloads it, at which point the server deletes it. 

Trojan 

Rootkit 

Worm 

Ransomware 

Pages 35-36 (Exam Questions) 

2 a) 

b) 

b) 

The Internet is a global network of networks. {7 mark] 

The World Wide Web is a collection of websites hosted 

on web servers. /7 mark] 

A Domain Name Server translates a website’s domain name 

into its IP address / stores domain names of websites in a 

directory. {J mark] 

E.g. 

¢ IP addresses are used to identify devices 

on a network / on the Internet. /7 mark] 

* Routers use IP addresses to direct data packets 

to the correct destination. /7 mark] 

[2 marks available in total] 

Ex. 

* Holly’s laptop checks periodically that all packets 

have been received. /7 mark] 

+ If Holly’s laptop does not receive all the packets 

in a certain amount of time it sends a timeout message 

back to the smartphone. /7 mark] 

* Mahindar’s smartphone resends the email / packet. /7 mark] 

* Holly’s laptop uses the packet numbers to reassemble them 

into the correct order. {7 mark] 

[3 marks available in total] 

4 a) 

a) 

b) 

beg 
E.g. 

¢ Different user access levels prevent students from accessing 

the same data as teachers, including sensitive data like their 

peers’ personal information. /7 mark] 

* Different user access levels prevent a student from 

maliciously deleting or editing data. /7 mark] 

+ Different user access levels prevent students accidentally 

deleting or editing important files. /7 mark] 

¢ Different user access levels allow network administrators to 

flexibly change the amount of access students and staff have 

to certain files. {7 mark] 

[3 marks available in total] 

i) A brute force attack is a type of attack on a network 

which uses trial and error to crack passwords /7 mark] 

by employing automated software to produce hundreds 

of likely combinations. /7 mark] 

ii) Any two measures, e.g. 

¢ The school can lock access to user accounts after a 

certain number of password attempts. /7 mark] 

* The school can ensure that strong passwords are used / 

the school can ensure that passwords are long enough / 

the school can ensure that passwords are made of a mix 

of different types of character. [1 mark] 

* The school can add additional security checks, like using 

a secret question or CAPTCHA test. /7 mark] 

[2 marks available in total] 

Erg: 

¢ A MAC address is a unique identifier. /7 mark] 

¢ A MAC address is assigned to the hardware 

of every network-enabled device. /7 mark] 

¢ MAC addresses are used to direct data to the right device 

on a network. /7 mark] 

[2 marks available in total] 

i) A layer of network protocols is a group of protocols 

with similar functions /7 mark] that cover one particular 

aspect of network communications. /7 mark] 

ii) E.g. 

* Data link layer /1 mark] Function: passing data over the 

physical network / sending data bits as electrical signals 

over cables, wireless and other hardware. /7 mark] 

¢ Network layer /7 mark] Function: making connections 

between networks / directing data packets / handling 

traffic. {7 mark] 

¢ Transport layer /7 mark] Function: controlling data 

flow / splitting data into packets / checking packets 

are correctly sent and delivered. /1 mark] 

¢ Application layer /7 mark] Function: turning data 

into websites and other applications / turning websites 

and other applications into data. /1 mark] 

[2 marks available in total] 

ii) Any three benefits, e.g. 

¢ Layers break network communication 

into manageable pieces. /1 mark] 

* Layers allow developers to focus on one area of the 

network without worrying about the others. /7 mark] 

* Layers are self-contained. /7 mark] 

¢ There are set rules for each layer. [7 mark] 

¢ Layers allow interoperability / layers make companies 

produce compatible, universal hardware and software. 

[1 mark] 

[3 marks available in total] 

Answers 
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6 Points you might include: 

Advantages of the cloud 

Users can access files from any location, so the company and 

authors can work on the same files without having to email or 

post manuscripts. 

Cloud storage is managed by the hosting company which will be 

a cheaper alternative to managing their own storage. 

The hosting company manages the security of data in the cloud, 

so the publishing company does not need to spend time securing 

its data. 

The hosting company is responsible for backing up data in the 

cloud, so the publishing company does not need to invest in any 

additional hardware to ensure data is backed up correctly. 

The publishing company could use cloud-based software rather 

than installing it on their machines and keeping it up to date. 

This could give writers access to the same software. 

e 

Disadvantages of the cloud 

An Internet connection is required to access the cloud, and 

maintaining a steady Internet connection can be difficult in rural 

areas. 
The publishing company is dependent on the hosting company 

for the security in the cloud, meaning the publishing company 

has very little control over the security of its data. 

The publishing company is dependent on the hosting company 

for backing up their data. 

Cloud software may require a monthly subscription which may 

be more expensive than buying computer licences. 

e 

How to mark your answer: 

* Two or three brief points with very little explanation. {1-2 marks] 

* Three or four detailed points covering both advantages and 

disadvantages. /3-4 marks] 

¢ Five or more detailed points that form a well-written, balanced 

discussion, covering both advantages and disadvantages. 

[5-6 marks] 

Make sure your answer is relevant to the situation you're given 

— the company in the question has particular needs and qualities 

which you shouldn't ignore. 

Points you might include: 

The threats posed to the firm’s network 

Hackers could use rootkits, spyware and other malware to steal 

confidential information. 

Employees unaware of the potential dangers could be tricked 

into giving criminals sensitive information through social 

engineering. 

Disgruntled employees could use their position to attack the 

network, e.g. by releasing malware onto the network from a USB 

drive. 

Hackers with packet sniffers or other similar tools could intercept 

and read information entering or leaving the company’s network. 

Hackers could use a brute force attack to crack weak passwords. 

What a good network policy would include 

Automatic encryption of all data leaving and entering the 

network. 

Installing anti-malware and firewall software. 

Regular penetration testing to find problems in the network 

security. 

Education of employees on the dangers of social engineering. 

Mandatory use of strong passwords / passwords that are changed 

regularly. 

An acceptable use policy that all employees must sign. 

Controlling physical access to hardware / the network, e.g. 

keeping servers in locked rooms. 

Different user access levels given to different groups of users. 

Answers 

How a good network policy would prevent potential attacks 

on the firm’s network. 

* A firewall would prevent harmful malware from entering the 

network. 

* Education of employees could prevent social engineering. 

* Different user access levels and physical security measures could 

limit the dangers of an insider attack. 

+ Encrypting data could prevent intercepted data from being read 

by hackers and criminals. 

* Using strong passwords could prevent successful brute force 

attacks. 

How to mark your answer: 
¢ Two or three points with very little explanation. //-2 marks] 

* Three to five points with detailed explanation. /3-5 marks] 

* Six or more detailed points that form a well-written, 

balanced discussion. /6-8 marks] 

Section Three — Issues 

Page 43 (Warm-Up Questions) 

A school restricts access to 

harmful websites. 

An Internet Service Provider : Frearemieniaerempememybe | 
Eg. 

« Eyestrain — use suitable lighting / keep a good distance from the 

screen / take regular breaks. 

* Repetitive Strain Injury (RSI) — ensure good posture / arrange 

your desk appropriately / take regular breaks. 

* Back pain — ensure good posture / use adjustable equipment / sit 

at a suitable angle. 

A business monitors what their 

employees view online. 

A country’s government blocks 

access to Facebook”. 

A government agency intercepts 

emails containing certain words. \ 

The digital divide is the separation between people who have ready 

access to technology and those who don’t, who tend to be at a 

disadvantage because of this. 

Page 44 (Exam Questions) 

2 a) An individual or group of people with an interest in a particular 

decision / are affected by a particular outcome. /7 mark] 

b) Any two stakeholders, e.g. 

¢ Business owners / managers /7 mark] — positive [1 mark] 

because they receive increased profits and do not have to pay 

the staff. {7 mark] 

* Checkout staff /7 mark] — negative [1 mark] because they 

have lost their jobs. {7 mark] 

a) Eig: 

* The Internet / social media / email mean Tom can be 

contacted at any time of day. /7 mark] 

* Tom may be expected to carry a smartphone 

so he can be contacted by his boss at all times. /7 mark] 

* Tom’s smartphone may alert him when he receives work 

emails from clients. These can be hard to ignore. /7 mark] 

[2 marks available in total] 

b) E.g. 

* Companies try to influence people into using their new 

product, e.g. by using advertisements. /7 mark] 

* Many children may feel peer pressure to buy the new devices 

for fear of being bullied by their classmates. /J mark] 

¢ Parents can feel pressured to buy the latest technology for 

their children. /7 mark] 

[2 marks available in total] 



c) Any one reason, e.g. 

¢ They might not have a lot of money /7 mark] so cannot 

afford to buy expensive electronic devices. /7 mark] 

¢ They might live in a rural area /7 mark] so could have poor 

network coverage. /7 mark] 

¢ They might have little knowledge of how to use the Internet 

or electronic devices /7 mark] so feel too intimidated to use 

them. /7 mark] 

[2 marks available in total] 

4 Points you might include: 

Stakeholders 

¢ Manufacturing businesses can cut costs by getting the same 

products made without having to pay any wages. 

¢ Workers in the manufacturing sector could become unemployed, 

as robots take over their jobs. 

* Consumers could be able to buy the same products for less, as 

the costs involved in making them could be lower. 

Technology 

* The hardware and software of robots may not be sophisticated 

enough to fully replicate the work of human employees. 

« The increased use of robots in the workplace could help improve 

them as problems can be identified and fixed. 

* Successful use of robots in manufacturing could lead to their 

application in other areas of work. 

Ethical issues 

* Manufacturing businesses could leave hundreds of people 

without jobs in order to pursue profit. 

¢ There is currently a lack of awareness and rules around the use of 

robots in the workplace. 

¢ By allowing robots to do the routine jobs, workers are free to do 

more interesting, creative and fulfilling work. 

* New jobs are created to program, maintain and manufacture the 

robots. 

* Robots can perform hazardous tasks, meaning there could be 

fewer injuries in the workplace. 

How to mark your answer: 

* Two or three brief points with very little explanation. /7-2 marks] 

¢ Three or four detailed points covering at least two of: 

stakeholders, technology and ethical issues. /3-4 marks] 

¢ Five or more detailed points that form a well-written, balanced 

discussion, covering all of: stakeholders, technology and ethical 

Page 48 (Warm-U 

issues. [5-6 marks] 

uestions 

1 Copper, platinum, plastic, mercury, gold and silver. 

2 a) 

b) 

c) 

d) 

e) 
Bio 7a) 

b) 

c) 

d) 

Data Protection Act 1998 

Computer Misuse Act 1990 

Freedom of Information Act 2000 

Data Protection Act 1998 

Computer Misuse Act 1990 

The copyright holder must be given credit. 

The work cannot be used for financial or commercial gain. 

Modified works can only be distributed with the same terms 

as those applied to the original. 

The work cannot be modified or built upon. 

Page 49 (Exam Questions) 

Be A) 

b) 

A way of protecting intellectual property / a way of protecting 

something that has been created / a way of protecting written 

and recorded content, e.g. books, music, films, software and 

video games. [1 mark] 

Works in the public domain are those whose copyright has 

expired / works which do not have any copyright attached to 

them /7 mark] meaning they can be shared and copied without 

normal copyright rules being applied. /7 mark] 

a) 

b) 

Cc) 
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E-waste is discarded computer material / discarded 

electronic material. /7 mark] 

Any two reasons, e.g. 

Smartphones are portable, so can be broken easily, 

for example by dropping them. /7 mark] 

Smartphones are not built to last more than a few years. 

[1 mark] 

It is often cheaper to replace a smartphone 

than it is to repair it. /7 mark] 

Smartphone manufacturers release new devices 

on a regular basis and use advertisements to influence 

people into buying them. /7 mark] 

People often want to buy the newest technology and are 

happy to discard their old smartphone regularly. /7 mark] 

Retailers only provide short warranties on many 

smartphones. /7 mark] 

Many people feel pressured by their peers to upgrade 

to the latest smartphone. /7 mark] 

[2 marks available in total] 

[eyes 

¢ E-waste is sent to landfill sites /7 mark] where toxic 

chemicals can enter groundwater / harm wildlife. /7 mark] 

The short life span of devices also means more natural 

resources have to be extracted to make new devices /7 mark] 

which causes pollution and depletes scarce resources. /7 mark] 

Manufacturing devices uses up a lot of electricity /7 mark] 

which is often generated using non-renewable resources. 

[1 mark] 

[4 marks available in total] 

d) E.g. 

¢ People can take devices to local collection facilities to 

be correctly disposed of according to WEEE regulations 

[1 mark] rather than throwing them out with general waste. 

[1 mark] 

¢ The government can put pressure on companies or local 

authorities to ensure WEEE regulations are being followed. 

[1 mark] The government can set recycling targets to 

increase the amount of e-waste that is recycled. /1 mark] 

¢ Old devices can be refurbished and reused /7 mark] and their 

raw materials can be recycled. /7 mark] 

[2 marks available in total] 

Points you might include: 

The cinema should ask permission from the customer before 

storing their data. 

The cinema should ask the customer to sign an agreement as to 

how the information should be used. 

The cinema should only use the data to make it easier for 

customers to book seats and for contacting them for details on 

future films. 

The cinema should give customers the option to unsubscribe 

from their service, so that their data is removed from the cinema’s 

computer system if they want. 

The cinema should be active in keeping its data up to date and 

allow their customers to change their details. 

The cinema should not give customers’ data to third party 

organisations unless the customer permits it. 

The cinema should ensure that customers’ data is held safely 

and securely, e.g. by using a firewall on its computer system and 

encrypting the data. 

How to mark your answer: 

Two or three brief points with very little explanation. /J-2 marks] 

Three or four detailed points that show a good understanding of 

the Data Protection Act. /3-4 marks] 

Five or more detailed points that show a good understanding 

of the Data Protection Act and clearly apply it to the situation. 

[5-6 marks] 

Think about each principle of the Data Protection Act 

and apply it to this situation. 

Answers 
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Section Four — Algorithms 

Page 54 (Warm-Up Questions) 

1 Decomposition, Abstraction and Algorithmic Thinking 

2  Analgorithm is a process or set of instructions used to solve a 

problem or carry out a task. 

B and D 

4 Start Output Decision Sub routine Process 

[ice diga lees gama elem es ee 

Page 55 (Exam Questions) 

2 a) Itasks the user to input a height and width. /7 mark] 

It then multiplies these values together /7 mark] 

to get the area and prints the value of the area. [7 mark] 

b) 5 x 10=50 /1 mark] 

E.g. Abstraction is picking out important details and ignoring 

irrelevant ones. The file uploading service will focus on the 

important details like the file name and ignore the unimportant 

details like the contents of each file. 

[3 marks available — 1 mark for a definition of abstraction, 

1 mark for an example of a detail to ignore, I mark for an 

example of a detail to focus on] 

b) E.g. Decomposition breaks the programming task down into 

smaller problems. A programmer might focus on ‘How will 

the service keep track of files already uploaded?’ or ‘How 

will the service compare file names?’ and try to solve each 

programming problem individually. 

[3 marks available — 1 mark for a definition of 

decomposition, I mark for each example of decomposition up 

to a maximum of 2 marks] 

4 Using Start / Begin. /7 mark] 

Asking user to input x, y. [1 mark] 

Using SqMove (with correct subroutine box). /7 mark] 

Decision box with appropriate question. /7 mark] 

Creating a loop to repeat SqMove. /7 mark] 

Using Stop / End. /7 mark] 

Bs. 

Page 60 (Warm-U 

1 a) Middle item =(7+ 1)/2=4th item = 11 

11 is bigger than 8 so take left hand side. 

3, 6,8 

Middle item = (3 + 1) / 2 = 2nd item =6 

6 is smaller than 8 so take right hand side. 

8 

Middle item = (1 + 1)/2= Ist item =8 

Stop searching as 8 has been found. 

b) Check Ist item: 3 # 11. 

Check 2nd item: 6 # 11. 

Check 3rd item: 8 4 11. 

Check 4th item: 11 = 11. 

Stop searching as 11 has been found. 

uestions 

2 See page 57. 

Answers 

3 

a) Ist pass (2 swaps): 

Chris __ Beth Dalia Ahmed 

Beth Chris Dalia __ Ahmed 
Beth Chris Ahmed Dalia 

2nd pass (I swap): 

Beth Chris Ahmed Dalia 

Beth Ahmed Chris Dalia 

3rd pass (I swap): 

Beth Ahmed Chris Dalia 

Ahmed Beth Chris Dalia 

4th pass (no swaps — list is in order): 

Ahmed Beth Chris Dalia 

You don't necessarily need to do the last pass — since there 

are four items in the list, the algorithm will only take at most 

three passes to get the list in order. 

» | Chris | Beth_| Dalia_| Ahmed | 

(chris ] (Beh ] [Dalia] [Ahmed 
[| Dalia_| Ahmed | 

| Dalia] Chris | Beth_| Ahmed | 

| Chris | Beth | Dalia_| Ahmed _ 

| Beth | Chris | Dalia__| Ahmed _ 

c) 

4 Merge Sort 

Page 61 (Exam Questions) 

Ist pass (3 swaps): 

5.320 5.9055 39 G 50 sO 6 Oner 

9:32.59 ao 50) 20: S0mIO28) S64 

9:32) 59:3 9) 550) (0:25. 0: S0RNGAL4: 

32) oo) 5 DUNO 285 Ol 4mOoU 

2nd pass (1 swap): 

Se SSO SUS OPO! Ol 

S23 9 EO Oa OL oar) 

3rd pass (no swaps — list is in order): 

5.02) 9239 550) O14 62S aoo0 

[4 marks available — I mark for each correct swap, 

I mark for correct ordered list] 

a) Compare butterscotch to mint. /7 mark] 

Mint is greater so split and take the left side. /7 mark] 

A further comparison. /7 mark] 

Correct identification of butterscotch. /7 mark] 

E.g. 

Middle item = (5 + 1) /2 = 3rd item = mint. 

Compare mint with butterscotch. 

Butterscotch comes before mint, so take left hand side. 

The list is: Butterscotch, Chocolate. 

Middle item = (2 + 1) /2 = 1.5 = 2nd item = chocolate. 

Compare chocolate to butterscotch. 

Butterscotch comes before chocolate, so take lefi hand side. 

Middle item = (1 + 1) /2 = Ist item = butterscotch. 

Stop searching as butterscotch has been found. 

b) Itis much more efficient / takes fewer steps for large lists of 

items. {1 mark] 

You wont get the mark for just saying it's quicker or more efficient. 

[4 marks available — 1 mark for each row from rows 2-5] 

4 



13 b) 

[4 marks available — I mark for correctly splitting the list 

into single items, I mark for each correct merging row] 

The list doesn't split evenly so there is more than one way to 
get the right answer depending on how you split the items. 

b) Any one benefit of insertion sort contrasted to merge sort, e.g. 

* Insertion sort uses less memory // mark] as, unlike a merge 

sort, all the sorting is done on the original list. /7 mark] 

* Insertion sort is quicker to check if a list is in order /7 mark] 

as a merge sort would still need to go through the splitting— 

merging process. /7 mark] 

[2 marks available in total] 

Page 62 (Revision Questions) 

8 Eg. 

Input username 

Username is Is length of i 
too short. username < 5? 

Username 

in use. 

Is the username 

currently used? 

Username is valid. 

11 a) Binary Search: 

The middle item is the 4th item, Dagenham, which comes 

before Morpeth. So lose first half of list to leave: 

Morpeth, Usk, Watford 

The middle item of the new list is the 2nd item, Usk, which 

comes after Morpeth so lose second half of list to leave: 

Morpeth 

The middle item of the new list is the Ist item, which is 

Morpeth, so you’ve found the correct item. 

Even when there is one entry left you still have to carry on 
with the algorithm to check that it is the correct entry. 

b) Linear Search: 

Ashington # Morpeth 

Brecon # Morpeth 

Chester # Morpeth 

Dagenham # Morpeth 

Morpeth = Morpeth 

You’ve found the correct item. 

Ist pass (4 swaps): 

SB Ay BG, 
E.G, 

BRD ere Rone) 
F 
IO 
ree 

i) >= Q 8 iz) “a? 3 ays pee igs 

AS ae 
io ob OS Bs re . 

E be Fag 
MuywuS ¥ >>> 

= S swaps — list is in order): 

O,,P Ds Www a2 ao 

2° 2 

‘a 
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Mipe Silelr sa) syaya] ay 
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Section Five — Programming 

Page 68 (Warm-Up Questions) 

2 

3 

4 

5 

a) String b) Integer c) Real/Float d) Boolean 

a) 40 b) 1 c) 4 d) 19 

a) True b) True c) False d) True 

E.g. The value of a constant is set at design time and does not 

change as the program is running. The value of a variable 

might change as the program is running. 

a) b) lob c) LOBSTER d) bst 

Page 69 (Exam Questions) 

3 a) Boolean /1 mark] — the variable can only take two values, 

either pressed or not pressed, i.e. true or false. /7 mark] 

b) Integer /7 mark] — it’s measuring the number of whole 

seconds and whole numbers are best stored as integers. 

[1 mark] 

Investment is declared as a constant but its value changes / it is not 

assigned a value when it is declared. {7 mark] 

Interest is declared as an integer but it should be able to take 

non-integer values. /7 mark] 

a) Joining together two or more strings. /7 mark] 

b) ORA2000 /7 mark] 

c) OS fruit = fruit.upper /7 mark] 

06 prodID = fruit.subString(0, 3) /7 mark] 

+ str(volume) /7 mark] 

Page 74 (Warm-Up Questions) 

] a) Iteration b) Selection c) Selection 

d) Iteration e) Selection f) Iteration 

E.g. A SWITCH-CASE statement makes selections based solely 

on the value of one variable, an if-elseif statement makes 

selections based on any conditions that are true or false. 

a) Count-controlled loop: FOR loop 

Condition-controlled loop: E.g. DO UNTIL loop 

b) A FOR loop will iterate a specified number of times. 

A DO UNTIL loop will keep iterating until a specific 

condition is satisfied. 

a) False b) True c) True d) True 

Answers 
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Page 75 (Exam Questions) 
4 
5 

4 

a) Sequence /J mark] 

b) 2 hours and 30 minutes /7 mark] 

a) Using an IF-ELSE or nested IF statement. /7 mark] 

Using the correct conditions to check all settings. [7 mark] 

Changing the temperature correctly for each setting. /7 mark] 

pea 

int setting, temperature 

if setting == 3 then 

temperature = 50 

elseif setting == 2 then 

temperature = 30 

elseif setting == 1 then 

temperature = 20 

else 

temperature = 0 

endif 

b) Any two reasons, e.g. 

* You only need to check the value of one variable. {7 mark] 

* The setting variable only has a set number of possible values. 

[1 mark] 

Using an appropriate selection statement. /7 mark] 

A Boolean condition that checks each of the conditions. /7 mark] 

Allowing the dryer to start if conditions are met. /7 mark] 

E.g. 

real weight 

bool allowStart, doorClosed 

if (weight > 1.5 AND weight < 15.0) AND doorClosed == true 

then 

allowStart = true 

else 

allowStart = false 

endif 

Count controlled loop to allow 10 games. /7 mark] 

Asking for an input of the winner’s name for each game. /7 mark] 

A selection statement for the winner of each game. /7 mark] 

Adding | to the winner’s score. {7 mark] 

A selection statement to find the overall winner. /7 mark] 

Printing the correct message depending on the scores. /7 mark] 

E.g: 

int karlWin = 0 

int johnWin = 0 

string winner 

jori= 1 told 

winner = input("Enter the winner's name") 

switch winner: 

case "Karl": 

karlWin = karlWin + 1 

case "John": 

jJohnWin = johnWin + 1 

endswitch 

next 1 

if karlWin > johnWin then 

print("The winner is Karl.") 

elseif johnWin > karlWin then 

print("The winner is John.") 

else 

print("The game is a draw.") 

endif 

To make your algorithm more robust you could have used input 

validation to make sure winner was either "Karl" or “John”. You could 

also have named the variables differently so that the game could be 
played by any two players regardless of their name. 

Answers 

Page 83 (Warm-Up Questions) 

l a) Assigns the 4th element in the array to the variable ‘player’. 

b) Replaces the 6th element of the array with the string “Pele”. 

a) openRead() b) openWrite() — c) close() d) readLine() 

leisy 

« A record can store different data types. 

* Names can be given to the different fields. 

* Record structures cannot accidently be changed later on. 

a) SELECT — the fields you want to return. 

b) FROM — the table you want to get the data from. 

c) WHERE —A condition that has to be true for a record to be 

returned. 

d) LIKE — A pattern of data to look for. 

Any three benefits, e.g. 

* You only have to write them once so you don’t have to repeat 

blocks of code. 

* You can call them from anywhere in the program. 

* You only have to debug them once. 

* They will improve the readability / maintainability of the code. 

* They break the program down into smaller more manageable 

chunks. 

Arguments are the actual values that parameters take 

when the sub program is called. 

Pages 84-85 (Exam Questions) 

2 A function that takes a single parameter. /7 mark] 

Finding the cube and square of the parameter. /7 mark] 

Returning the difference between the cube and square. /7 mark] 

E.g. 

function cubeSquare(numberInt) 

return(numberInt/3 — numberInt’2) 

endfunction 

a) String /7 mark] 

b) Any three reasons, e.g. 

Multiple items of data need to be stored. /7 mark] 

All the data being stored has the same data type. [J mark] 

The data is split by two categories / can be represented in a 

table so a 2D array is useful for storing it. /7 mark] 

Stores the data together under one variable name. /7 mark] 

Accessing the information is more efficient. A single 

command, e.g. sportsDay[position, event] can be used to 

access any name from the array. /7 mark] 

[3 marks available in total — at least one reason must 

specifically mention 2D arrays.] 

a) 5 [1 mark] 

b) A record is a data structure used to store multiple pieces 

of data about one thing together (e.g. information about a 

particular car). /1 mark] A field is one of the items in a record 

that contains a particular piece of data (e.g. car registration or 

car make). /7 mark] 

Just saying that records are rows of the table and fields are 

columns will not be awarded any marks. 

| Make | Type __—| 
Hatchback 

[2 marks available — 1 mark for each correct record] 

c) 



5 

6 

7 

a) print(distanceRun[4, 3]) [1 mark] 

b) Asking the user to input the runner number. /7 mark] 

Using a FOR loop. /7 mark] 

Adding all elements correctly. /7 mark] 

Printing the total distance. /7 mark] 

E-g: 

int totalDistance = 0 

int runner 

runner = input("Choose a runner number from 0-3") 

fori =0to6 

totalDistance = totalDistance + distanceRun[i, runner] 

next i 

print(totalDistance) 

c) A FOR loop going from 0 to 3. {7 mark] 

A FOR loop going from 0 to 6. /7 mark] 

Using milesConvert() on each element of the array. /7 mark] 

E.g. 

fori =0 to 3 

forj =0to6 

distanceRun/[i, j] = milesConvert(distanceRun [i, j]) 

next J 

next i 

Opening the story in read mode. /7 mark] 

A condition-controlled loop to stop at the end of the file. /7 mark] 

Waiting for a keypress input. /7 mark] 

Using a selection statement to check the user’s input. /7 mark] 

Printing the next line of the story. {7 mark] 

E.g. 

char keypress 

story = openRead("adventure.txt") 

while NOT story.endOfFile() 

input keypress 

if keypress == "y" then 

print(story.readLine()) 

endif 

endwhile 

story.close() 

a) Any two differences, e.g. 

* Local variables can only be changed and accessed from 

within the part of the program they’re declared in. /7 mark] 

Global variables can be changed and accessed from anywhere 

in the program. /7 mark] 

¢ The same local variable name can be used in different 

sub programs and declared differently each time. /7 mark] 

Global variable names can only be declared once. /7 mark] 

¢ Local variables are declared inside part of a program (e.g. 

in a sub program). /7 mark] Global variables are usually 

declared at the start of the main program. /7 mark] 

[4 marks available in total] 

b) A function that takes the number of sides the dice 

have as a parameter. /7 mark] 

Using a condition controlled loop. {1 mark] 

Simulating two dice rolls. {7 mark] 

Increasing the score by | after each roll. /7 mark] 

Returning the score. /1 mark] 

E.g. 

function rollDouble(side) 

int score = 0 

int x, y 

do 

x = roll(side) 

y = roll(side) 

score = score + 1 

until x == y 

return(score) 

endfunction 
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Page 86 (Revision Questions) 

9 

_ — 

12 

string first_day 

first_day = input("Enter the first day of the month") 

if first_day == "Sunday" OR first_day == "Monday" then 

print("The month has 5 Mondays") 

else 

print("The month has 4 Mondays") 

endif 

a) print(chars[4]) 

b) chars[2] = "D" 

print(chars) 

Cjora=0itoo 

chars [i] = "N" 

next i 

print(chars) 

array multiply[10, 10] 

fori=0to9 

forj =0to9 

multiply [i, j] =i *j 

next J 

next 1 

The query will return every field of the world_records table. 

A record will be returned if the sport is athletics and the surname 

begins with an “M”. 

Section Six — Design, Testing and IDEs 

Page 94 (Warm-Up Questions) 

1 

na 

Validation checks make sure that data meets certain criteria 

before passing it into the program, while sanitisation is used 

to remove unwanted characters from data before passing it 

through the program. 

a) Presence check 

b) Look-up table 

Exe. 

¢ Clear comments 

¢ Indentation 

¢ Properly named variables/subprograms 

¢ Use of local (rather than global) variables where possible 

b) True d) False 

Iterative testing puts the program through multiple development 

cycles, adjusting the requirements after each cycle to make the 

software closer to what the customer really wants. 

a) False c) True 

A compiler translates all of a program’s source code 

into one executable file of machine code. 

Code Editor: used for writing code. 

Breakpoints: a debugging tool that stops the program 

at certain points. 

Error Diagnostics: highlight errors in the program. 

Pages 95-96 (Exam Questions) 

2 A translator turns the source code into machine code /7 mark] 

allowing Cynthia to run the application. /7 mark] 

Error Diagnostics highlight errors in the code /1 mark] allowing 

Cynthia to easily find and fix errors in her application. /J mark] 

A Code editor allows the user to enter code and includes features 

like indenting, auto-correct, line numbering and colour coding 

[1 mark] making it a lot easier for Cynthia to write and maintain 

her application. /7 mark] 

a) E.g. atest plan should take the user down all possible paths 

of the program. /7 mark] It should use normal, extreme and 

erroneous test data. /7 mark] If any of the tests get a result not 

equal to the expected outcome then the user knows there is a 

logic error. [1 mark] 

Answers 
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specie Page 97 (Revision Questions) 

Reasons for test 
Outcome 4 Input validation — the program checks if the user has entered 

a valid year before breaking out of the DO UNTIL loop. 

10 The code doesn’t do anything if the age is exactly 16. 

Either change the first condition to “x >= /6” 

or the second condition to “x <= 16”. 

Test Data 

Group_Size 510 Check program with data 
=4 7 user is likely to input. 

Check program works with Group_Size 
=9 values on the limit. 

460 

: On line 3 of the code, the variable x should be cast as a string 

Group_Size | Display an Check what happens if before being concatenated with the other strings. 
= 12 error message input is too large. Instead of “x”, it should read “str(x)”. 

[5 marks available — 1 mark per box] 15 Ee 

Reason for Testing Expected Outcome 

Normal usage of the program. art's "rat. ,, tat 

4 a) Any two reasons, e.g. 

* They may need to have a greater control over the program in 

order to make a program with lower memory use. /7 mark] 

* They may need to have a greater control over what the CPU 

does in order to make a program run quicker. /7 mark] 

* They may be trying to maintain old code or hardware. 

[1 mark] 

[2 marks available in total] 

No input | No input is entered. Prompt to enter something. 

" stm" | Input can’t be made into a word. | Returns no words. 

Input contains upper and lower 

case letters. 
"AEN" "tan". "ant", "nat" 

Input contains numbers and 

symbols. 
ND ple Error: Unknown character, b) Assembly languages are more readable for humans 

than machine code /7 mark] so can be programmed/edited 

more easily. /1 mark] 

yp PPE gd Section Seven — Data Representation 
5 a) Error: Missing bracket on line 4. /7 mark] 

Correction: print("Valid pincode") [1 mark] Page 101 (Warm-Up ( Juestions) 

b) Error: Wrong Boolean operator in line 3. [1 mark] {ota 

Correction: A 

if pincode.length >= 4 AND pincode.length <= 6 then (NOT A) AND B 

[1 mark] B 
Tiffany's code currently allows any pincode length. Changing 
OR to AND makes sure only pincodes with lengths from 4 to 6 . COR (NOTD) 

characters are allowed. D ; 

6 Ie: 

* Input validation could make sure that only appropriate data was 5 

entered. /7 mark] E.g. only allowing numbers to be entered for 

the card number. /7 mark] B (E AND F) ORG 

* Input validation would ensure the input data matches certain G 

criteria or is of a certain format. /7 mark] E.g. it can make sure 

that the expiration month is between | and 12. /7 mark] 

Input validation alone will not prevent all errors. /7 mark] E.g. it 

cannot check that a customer’s card number matches their name. 

[1 mark] 

Using input sanitisation alongside validation would improve the 

defensive design [J mark] as you'd be able to remove unwanted 

parts of an input before validating it. {7 mark] 

[6 marks available in total] 

EES, 

¢ The code editor might include an auto-indentation feature 

[1 mark] which will make the code clearer to read. /1 mark] 

* The code editor might include an auto-colour feature /7 mark] iia: been, 

which makes it easier to distinguish between different features of find ne 

the code, e.g. variables and comments. /7 mark] — 

Finding logic errors requires a lot of work by the user — the IDE 

has debugging tools to help /1 mark] but most of the work is 

done through testing. {7 mark] 

The IDE won’t be able to tell if clear variable names and 

comments have been used /7 mark] so it won’t be able to help 

with this, it’s up to the developer. /J mark] 
2 Nibble, Byte, Kilobyte, Megabyte, Gigabyte 

* The IDE can’t check if programmers have used a consistent 3a) String A: 01101010 

approach in different parts of the program /J mark] so it will be String B: 01001011 

up to the developers to maintain good practice. /7 mark] String C: 0110100101001011 

[6 marks available in total] b) String A: O1101011 

String B: 01001010 

String C: 0110100101001010 

Answers 



Page 102 (Exam Questions) 

b) 

a) 

b) 

c) 

d) 

B has NOTA | BANDC | (NOTA) AND (BAND C) 
0 0 0 | 0 

SE aa ee: 
0 
l 

oe} 0 

0 

as 
ed 

1 SClolo}]e|[e|e]e ol;o|;o|-|/o|;}o S94 © |= 1 oO |S 

l 

1 

1 0 

[3 marks available — 1 mark for each correct column] 

A 

B (NOT A) AND B AND C 

Cc 

[3 marks available — 1 mark for input A going into a NOT 

gate, I mark for inputs B and C going into an AND gate, 

I mark for outputs going into an AND gate with one output] 

A digit added to the end of a string of numbers / data to check 

that data has been entered and received correctly. [7 mark] 

The value is calculated from the digits in the string. /7 mark] 

Computers are made up of logic circuits {7 mark] which use 

1 and 0 to show high and low voltage. /7 mark] 

String | contains an error /7 mark] because it has an odd 

number of 1s. {7 mark] 

In the case where an even number of bits are read incorrectly 

[1 mark] a parity bit will not detect an error. {7 mark] 

Page 108 (Warm-Up Questions) 

] 

2 

3 

a) 89 b) 1000101 

11110010 

Overflow errors occur when binary operations produce results that 

have more bits than the CPU is expecting to store/process. 

00010111 

Multiplying the number by 2. 

a) 30 b) 198 iS) RA d) 111101 

Page 109 (Exam Questions) 

3 a) 

b) 

c) 

a) 

b) 

a) 

b) 

11010000 /7 mark] 

A 2 place right shift {7 mark] gives 00110101. [7 mark] 

He is not correct. 

E.g. 0001 + 0001 = 0010 is a 1 place left shift. 

[2 marks available — I mark for not correct, 1 mark for a 

valid explanation] 

Split bytes into nibbles and convert to hexadecimal. 

0100 = 4, 0011 = 3, so 01000011 = C = 43. [7 mark] 
0100 = 4, 0001 = 1, so 01000001 = A = 41. /7 mark] 

0101 = 5, 0100 = 4, so 01010100 =T = 54. [7 mark] 

i) D=44=01000100 /7 mark] 

ii) From CAT, 43 = C and from DOG, 44 = D and 4F = O. 

E is 1 more than D (= 44) so 45 = E. /J mark] 

The password is CODE. /7 mark] 

denary(A) = 10 and denary(C) = 12 [7 mark] 

So, denary(A) + denary(C) = 10 + 12 = 22 [7 mark] 

Taking a hexadecimal as an input. /7 mark] 

Splitting hexadecimal into characters. {1 mark] 

Multiplying first character in denary by 16. /7 mark] 

Adding the second character in denary to the first. {7 mark] 

E.g. 

hexadecimal = input("Enter a two digit hexadecimal") 

charl = hexadecimal [0] 

char2 = hexadecimal [1] 

ans = 16 * denary(char1) + denary(char2) 

print(ans) 
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Page 114 (Warm-Up Questions) 

1 ASCIL uses fewer bits to represent each character but is a much 

smaller character set. 

16 

a) 

b) 

The file size would increase. 

The file size would decrease. 

4 200 kbit/s 

a) 

b) 

The file size and quality would both increase. 

The file size and quality would both decrease. 

6 E.g. Lossy compression will make file sizes a lot smaller. 

Lossless compression will maintain the quality of the original file. 

Page 115 (Exam Questions) 

3 a) 

b) 

4 a) 

b) 

5 Fa) 

b) 

C) 

A character set is a collection of characters a computer 

recognises from their binary representation. /7 mark] 

E.g. Binary code sent to computer. /7 mark] 

Character set used to translate binary code. /7 mark] 

Extract 2 would have a better sound quality /7 mark] because it 

has a larger bit rate and sampling frequency, both of which are 

indications of better overall sound quality. {7 mark] 

The file size would be larger. /7 mark] 

60 x 60 x 10 x 10 {1 mark] = 360 000 [7 mark] 

A lower DPI would reduce the quality of the image /7 mark] 

because the number of pixels in a given area decreases. 

[1 mark] 

Metadata is ‘data about data’ / information about a file. 

[1 mark] Metadata includes information about height, width, 

resolution etc. so the image is displayed properly. /7 mark] 

Page 116 (Revision Questions) 

2 

5 a) 2 terabytes 

b) 2000 000 megabytes 

6 a) 1) 10001 ii) 10010100 iii) 11110000 

b) i) Il ii) 94 ii) FO 

7 aya 6 ii) 159 ili) 43 

b) i) 38 ii) 9F iii) 2B 

8 a) i) 74 ii) 117 ii) 3033 

b) i) 1001010 ii) 1110101 iii) 101111011001 

9 10001111 

Answers 
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Practice Paper 1 — Computer Systems 

l a) 

b) 

Q ) 

d) 

b) 

i) Utility software is software that helps to configure, 

optimise or maintain a computer. /7 mark] 

ii) Any two examples of utility software, e.g. 

¢ Disk defragmentation software /7 mark] 

¢ System diagnostic tools /7 mark] 

« Anti-virus / anti-spyware /7 mark] 

¢ Backup software /7 mark] 

* Compression software /7 mark] 

* File management software /7 mark] 

[2 marks available in total] 

i) E.g. When the hard disk is fragmented, it will take longer 

to read/write data on the hard disk. /7 mark] This in turn 

may slow down the computer. /7 mark] 

ii) E.g. 

¢ Defragmentation software reduces fragmentation 

by moving files on the hard disk. /7 mark] 

* The empty spaces/gaps are collected together. /7 mark] 

* Different bits of the same file are moved to be stored 

together. /7 mark] 

* This means the read/write heads won’t need to move 

as far across the disk, so the read/write speed should 

improve. /7 mark] 

[3 marks available in total] 

E.g. Disk clean-up will remove a number of files, so it will 

immediately leave gaps in the data stored on the hard disk, 

leading to fragmentation. /7 mark] 

Any three advantages, e.g. 

¢ SSDs are faster than HDDs. /7 mark] 

¢ SSDs do not need to be defragmented. /7 mark] 

¢ SSDs do not make any noise. /7 mark] 

¢ SSDs are more shock-proof than HDDs. /7 mark] 

[3 marks available in total] 

The use of online servers provided by a hosting company to 

store files and software. /7 mark] 

E.g. 

¢ Laptop/web browser sends a request to the cloud server, to 

send the image. /7 mark] 

* The cloud server processes the request. /7 mark] 

¢ The cloud server replies with the image. /7 mark] 

[2 marks available in total] 

i) E.g. 

¢ The cloud server splits the image into packets. /7 mark] 

Each packet is given control information, including the 

IP addresses of the server and the laptop. /7 mark] 

The server calculates a checksum number for each 

packet. /7 mark] 

Each packet is given a packet number to show the order 

of the data. [7 mark] 

Each router reads the control information of the packet 

and decides which way to send the data. /7 mark] 

IP protocol governs packet switching. /7 mark] 

The way the data is sent changes according to network 

° 

traffic so packets take different routes to their destination. 

[1 mark] 

Packets arrive at their destination in the wrong order. 

[1 mark] 

The receiving device puts the packets in the right order 

using the packet numbers on each packet. {7 mark] 

If all packets are successfully delivered and the 

checksums match, a receipt confirmation is sent back to 

the sending device. /7 mark] 

[6 marks available in total] 

Answers 

The receiving device recalculates the checksum. /7 mark] 

3 a) 

il) 

ii) 

i) 

ii) 

ill) 

Eg. 

* There are many possible routes the data can take 

[1 mark] so the data can reach the destination even if 

there is heavy network traffic. {7 mark] 

* Splitting data into small packets allows different parts of 

the data to be routed separately /7 mark] which is more 

flexible than sending the whole file in one go. /7 mark] 

[2 marks available in total] 

Internet Protocol (IP) /7 mark] 

A set of rules and procedures the organisation will follow 

to ensure their network is protected against attacks and 

unauthorised access. /J mark] 

Eig: 

Network forensics are investigations undertaken to find 

the cause of attacks on a network. /7 mark] 

To conduct network forensics, an organisation needs to 

have a system of capturing data packets as they enter 

their network. /7 mark] 

After the network is attacked, data packets can be 

analysed to discover how the network was attacked. 

[1 mark] 

The information gained from network forensics can be 

used to decide how to prevent future attacks. /7 mark] 

[3 marks available in total] 

Ethernet is a network protocol used on wired networks. 

[1 mark] 

WPA2 is a security protocol used on wireless LANs. 

[1 mark] 

Any one difference, e.g. 

* CATSe twisted pair cables use four twisted copper wires 

[1 mark] whereas coaxial cable uses one single copper 

wire. [1 mark] : 

* CATSe cables prevent interference by twisting the wires 

together /7 mark] whereas coaxial cable uses a braided 

metallic shield to prevent interference. {7 mark] 

[2 marks available in total] 

E.g. 

The Leeds studio’s wired setup: 

* Wired connections have a more reliable performance as 

there is no loss of signal no matter where the devices are 

in the building. /7 mark] 

* Wired connections are more restrictive as it is harder 

to add new devices / access the network while moving 

through the building. /7 mark] 

The York studio’s wireless setup: 

¢ Wireless connections are easier for the employees to 

connect to (e.g. no need for cables to add a laptop or 

mobile device to the network). /7 mark] 

* Wireless connections can suffer from signal problems 

caused by building interference or interference from 

other wireless signals nearby. {1 mark] 

To get all four marks, you'll need one advantage and one 
disadvantage for wired connections, as well as one advantage 
and one disadvantage for wireless connections. 

b) i) Any one advantage, e.g. 

ii) 

* Fibre optic cables tend to have greater bandwidth / can 

carry more data than copper cables. /7 mark] 

* Fibre optic cables can carry data over longer distances / 

don’t suffer signal degradation or interference. {1 mark] 

* Fibre optic cables are easier to maintain than copper 

cables so cost less in the long term. /7 mark] 

[1 mark available in total] 

loyee 

¢ Laying its own cables between Leeds and York could be 

too expensive for the company. /7 mark] 

* Leased lines are likely to be more reliable and faster than 
other WAN connections. /7 mark] 

[1 mark available in total] 



Points you might include: 

Stakeholders 

« Consumers will be able to access a greater variety of books, 

films and music. They will be able to purchase them at their own 

convenience without having to go to a shop. The books, films 

and music should also be cheaper as the costs are much lower to 

produce digital copies than physical copies. 

Traditional bookshops, CD shops and film retailers will have 

to adapt to distributing their stock digitally or face a decline in 

profits. 

* Content creators will be able to distribute their media more 

cheaply, as they no longer have to pay for a record label, 

production team or publisher. 

* New businesses that distribute books, music and films digitally 

could flourish as they gain some of the traditional stores’ market 

share. New business models have been founded to distribute 

digital media, e.g. subscription-based services or streaming 

services where money is made through advertising. 

Technology 

¢ Use of digital media has encouraged the development and 

improvement in technology. E.g. e-readers introduced a new type 

of display technology that looks and feels more like a printed 

book. In the future, displays which are even more paper-like may 

be used. 

* The use of digital media has placed extra demands on 

communication networks. This creates a cycle of improvement, 

e.g. watching high-quality films increases demand for better 

broadband speeds, which in turn encourages people to watch 

higher quality films, increasing demand for good broadband. 

* The use of digital media is changing TVs from devices that 

receive broadcasted transmissions to Internet-enabled devices 

used to stream media from the Internet. 

e 

Environmental issues 

* Less use of physical media means there could be less physical 

waste from packaging and discarded books, CDs and DVDs. 

¢ No need for packaging or physical media, so fewer natural 

resources required in the distribution of the media. 

* Greater use of digital media means increased use of electricity, as 

well as increased e-waste if hardware is discarded. 

Legal issues 

* Use of digital media could increase the amount of illegal file 

sharing. 

¢ It is often unclear who owns the copyright to the original piece 

of work, and how profit from the book / music / film should be 

shared. E.g. how much money should a musician receive from 

their music being listened to on a free streaming service. 

¢ It is often unclear who owns the digital file. E.g. should someone 

be able to pass their movie files onto their children, or does the 

ownership over them go back to the original distributor. 

How to mark your answer: 

¢ Two or three brief points with very little explanation. /7-2 marks] 

* Three to five detailed points covering at least two of: 

stakeholders, technology, environmental issues and legal issues. 

[3-5 marks] 

* Six or more detailed points that form a well-written, balanced 

discussion, covering all of: stakeholders, technology, 

environmental issues and legal issues. /6-8 marks] 

a) Storage {1 mark], GPU [1 mark] 

b) E.g. Hardeep should upgrade the RAM in his computer, 

[1 mark] as he only just has enough RAM to cover the 

minimum requirements, so the OS may not run very smoothly. 

[1 mark] 

It's fine to answer ‘no, as long as you've justified your answer. 

c) RAM stores applications and data that is currently in use. 

[1 mark] As operating systems are running all the time, 

a large amount of the OS is kept in RAM. /7 mark] 

a) 

b) 

a) 

b) 

149 
Any two features, e.g. 

¢ Large buttons and icons // mark] that can be pressed 

to open applications and windows. /7 mark] 

¢ Screens and menus // mark] that can be navigated / 

controlled by swiping or dragging with a finger. /7 mark] 

* Support for finger gestures /7 mark] such as pinching to 

zoom out / tap and hold to open additional options / 

four finger swipes to swap between apps etc. /7 mark] 

¢ Virtual on-screen keyboard /7 mark] to allow the user to type 

without attaching an external keyboard. /7 mark] 

[4 marks available in total] 

Allowed | Not Allowed 

Giving each teacher a USB flash drive 

containing the personal information of all of 

the pupils who have attended the school. 

Transferring pupils’ personal information v7, 

to their new school when they leave. 

Refusing to tell a parent what information Wy 

is being stored about their son/daughter. 

Backing up pupils’ personal information WA 

on a drive that is stored in a locked safe. 

Using pupils’ personal information to 

get in contact with their parents. 

Putting pupils’ personal information on 

the school website to make it easier for S 

teachers and parents to access. 

[6 marks available — I for each correct row] 

Any two forms of network attack and a suitable 

method of protection, e.g. 

¢ Passive attack {7 mark] — using tools such as network- 

monitoring devices and packets sniffers to intercept 

sensitive information. /7 mark] Can be protected against 

by encrypting data on the network. /7 mark] 

Active attack /7 mark] — using malware or other means 

to break into a network and steal data. {J mark] Can be 

protected against by using a firewall. /7 mark] 

Insider attack {1 mark] — exploiting a person’s position 

within the organisation to gain access to data on the network. 

[1 mark] Can be protected against by using user access 

levels to restrict access to people that are trusted. /7 mark] 

¢ Brute force attack /7 mark] — using automated software 

and trial-and-error to find a password that will allow access 

to the network. /1 mark] Can be protected against by locking 

accounts after a certain number of failed attempts. /7 mark] 

[6 marks available in total] 

If the central switch fails, users will be unable to access files 

on other servers /1 mark] because there will be no connections 

between any of the servers. /1 mark] 

E.g. 

* Connecting servers in a mesh network means that if one 

connection fails, there are other routes to connect the servers. 

[1 mark] This means the network can still operate fully and 

all the computers can access data on all servers. [7 mark] 

¢ Adding an extra server to a mesh network would be more 

complicated /7 mark] because it would need to be connected 

to all of the other servers rather than just the switch. /7 mark] 

¢ Some connections would be redundant most of the time 

[1 mark] as the servers would communicate using the 

quickest or most direct route. [7 mark] 

[4 marks available in total — at least one advantage 

and one disadvantage required for full marks] 

Answers 
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c) Increasing incTotal and fullTotal by the number of files edited 

on that day. /7 mark] 

Conditional statement based on the values of fullTotal 

and incTotal. /7 mark] 

Taking full backup if fullTotal reaches 1000 (regardless of the 

value of incTotal). /7 mark] 

Resetting fullTotal and incTotal to 0 after full backup. /7 mark] 

Taking incremental backup if incTotal reaches 200 

(unless fullTotal > 1000). {7 mark] 

Resetting only incTotal to 0 after incremental backup. /7 mark] 

Eg 

dailyTotal = number of files edited today 

incTotal = incTotal + dailyTotal 

fullTotal = fullTotal + dailyTotal 

if fullTotal >= 1000 then 

take full backup 

fullTotal = 0, incTotal = 0 

elseif incTotal >= 200 then 

take incremental backup 

incTotal = 0 

endif 

Practice Paper 2 — Computational Thinking, 

Algorithms and Programming 

l a) 

b) 

Cc) 

b) 

C) 

d) 

i) String /7 mark] 

ii) Real/Float {7 mark] 

Using the correct data type will make your programs more 

memory efficient. {7 mark] It will also make your programs 

more robust and predictable. /7 mark] 

E.g. All the different data values might be converted to strings 

using the str() function so string concatenation can be used to 

join them together on the receipt. {7 mark] For example the 

cost of fuel might be converted from a real / float to a string 

so it can be printed in a sentence, e.g. “The cost of fuel was 

£20.76”. [1 mark] 

Any two differences, e.g. 

* A compiler would produce an executable file /7 mark] 

while an interpreter would not. /7 mark] 

¢ A compiler would list any errors at the end of the translation 

[1 mark] while an interpreter would return the first error it 

found then stop. /7 mark] 

¢ A compiler would translate the code all at once /7 mark] 

while an interpreter would translate and run the code 

line by line. /7 mark] 

[4 marks available in total] 

10101000 = 128 + 32 + 8 = 168 

[2 marks available — 1 for correct working 

and I for correct final answer] 

Split 10110101 into nibbles: 

1011 =B, 0101 =5, so 10110101 = BS 

[2 marks available — 1 for correct working 

and 1 for correct final answer] 

10101000 

+ 1.0) Teo On 

101011101 {1 mark] 
1 

An overflow error is where the result of a calculation requires 

more bits than are available and some of the data is lost. 

[1 mark] 

i) A parameter is a special variable that passes data into 

a sub program. /7 mark] 

ii) Parameters have a local scope to the sub program they’re 

defined in. {7 mark] 

iii) Arguments are the actual values that parameters take when 

the sub program is called. /7 mark] 

Answers 

b) 

C) 

a) 

b) 

c) 

i) Declares a new variable, difficulty, {7 mark] which has 

global scope so it can be used anywhere in the program. 

[1 mark] 

ii) It takes weight as a parameter /7 mark] and sets the 

variable difficulty equal to the integer (quotient) part 

when weight is divided by 6. /7 mark] 

A sub program that takes heart rate as a parameter. /7 mark] 

Using a selection statement. /7 mark] 

Having correct conditions on the selection statement. /7 mark] 

Setting the difficulty depending on the conditions. /7 mark] 

Eig. 

procedure adjustLevel(heartrate) 

if heartrate > 160 then 

difficulty = 0 

print("Slow Down!") 

elseif heartrate < 90 then 

difficulty = difficulty + 1 

elseif heartrate > 140 then 

difficulty = difficulty — 1 

endif 

endprocedure 

I 

S Zi 

D 

[3 marks available — 1 for inputs S and D going into 

an AND gate, | for the output of AND gate and input I 

going into an OR gate and 1 for Z being the OR gate output] 

[3 marks available — 1 for each correct row] 

Check each item in order. 

Check the first item: 10 mA # 12 mA 

Check the second item: 15 mA # 12 mA 

Check the third item: 12 mA = 12 mA. 

Stop searching as the item has been found. 

[2 marks available — 1 for starting with 10 mA 

and 1 for checking items in order until you find 12 mA] 

Using Start / Begin. /7 mark] 

Input to check reading. /7 mark] 

Decision box with appropriate question. /7 mark] 

‘Buzz’ as an output. /7 mark] 

Wait 5 minutes as a process. /7 mark] 

Using Stop / End. {7 mark] 

Eg: 

Check reading 

Wait 5 Is reading 

minutes greater than 
30 mA? 

16° [1 mark] 

E.g. It would be easier to remember the hex code for a 

particular colour /7 mark] because the hex code would be 

shorter than the binary or denary equivalents. /7 mark] 

JPEG is an example of lossy compression /7 mark] 

— it produces a much smaller file size 

than the other formats. /7 mark] 



d) 

e) 

a) 

b) 

c) 

a) 

b) 

E.g. 

No data is lost when compressed /7 mark] so graphics 

can be reverted back to the original — this is essential 

to ensure graphics are always high quality. /7 mark] 

File sizes are only slightly reduced /7 mark] 

so there would be an impact on storage 

requirements to the company. /7 mark] 

Not all software is compatible with lossless file types 

[1 mark] so clients may not be able to open graphics. 

[1 mark] 

File sizes are large {J mark] so the images will take longer 

to upload or attach to emails for clients. /7 mark] 

[4 marks available in total] 

Any two pieces of metadata, e.g. 

* File format /7 mark] 

¢ Height/width in pixels /7 mark] 

* Colour depth /7 mark] 

* Resolution /7 mark] 

¢ Date created/date modified /7 mark] 

¢ Creator’s name /7 mark] 

[2 marks available in total] 

. 

Erroneous test data contains values that the program should not 

accept. /7 mark] Using them in testing will make sure that the 

user can enter any data without breaking the program. /1 mark] 

i) Type of data: Normal /7 mark] 

Intended Outcome: 20 /7 mark] 

Actual Outcome: 20 /7 mark] 

ii) Type of data: Erroneous /7 mark] 

Intended Outcome: User receives an error message, e.g. 

“Invalid dice score, please re-enter.” /7 mark] 

Actual Outcome: 19 /7 mark] 

The game uses a six-sided dice, so if the user inputs a 9 they 
should receive an error message. However, Tony's program 

does not check for this. 

Any two ways, e.g. 

* He could make sure only integers are accepted. /1 mark] 

¢ He could make sure only the numbers from | to 6 are 

accepted. /7 mark] 

* He could ensure that the input is only one character long. 

[1 mark] 

* He could make sure that only Yes/No, yes/no, Y/N, y/n, etc. 

are accepted for the “Roll again” prompt. /7 mark] 

[2 marks available in total] 

E.g. Storing the data in records allows the different fields to 

have different data types /7 mark] while if they used an array, 

they would all have to be the same data type. /J mark] 

i) SELECT Title FROM comics 

WHERE Genre = “Science Fiction” 

[2 marks available — 1 for selecting the correct fields 

from the comics table and 1 for a correct ‘where’ 

statement] 

ii) SELECT Title, Length FROM comics 

WHERE Length < 50 AND Rating = 3 

[2 marks available — 1 for selecting the correct fields 

from the comics table and 1 for a correct ‘where’ 

statement] 

ili) SELECT * FROM comics WHERE Title LIKE “H%” 

[2 marks available — 1 for selecting all fields from the 

comics table and 1 for a correct ‘where’ statement] 

9 a) 

c) 
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array primeKoalas[4, 2] 

primeKoalas[0, 0] = “John” 

primeKoalas[1, 0] = “Paul” 

primeKoalas[2, 0] = “Cheryl” 

primeKoalas[3, 0] = “Ida” 

primeKoalas[0, 1] = “guitar” 

primeKoalas[1, 1] = “bass” 

primeKoalas[2, 1] = “vocals 

primeKoalas[3, 1] = “drums” 

[2 marks available — award 2 for all 4 correct lines of code, 

otherwise award I for at least two correct lines of code] 

” 

Opening and closing the file properly. /7 mark] 

Using a loop. /7 mark] 

Writing the name and instrument of each band member to the 

file. {1 mark] 

E.g. 

band = openWrite("musicians. txt") 

fori = 0 to 3 

band.writeLine(primeKoalas [i, 0] + "" + primeKoalas [i, 1]) 

next 1 

band.close() 

A procedure taking a file name as a parameter. /7 mark] 

Opening the file in read mode. /7 mark] 

A condition-controlled loop to stop at the end of the file. 

[1 mark] 

Using the toSpeech() procedure to read out each line. /7 mark] 

Closing the file. {7 mark] 

E.g. 

procedure readAll (fileName) 

file = openRead (fileName) 

while NOT file.endOfFile() 

toSpeech (file.readLine()) 

endwhile 

file.close() 

endprocedure 

It's important that you always remember to close a file once you're 
finished reading from it or writing to It. 

Answers 
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A 

abstraction Picking out the important bits 
of information. 51 

accumulator The part of the ALU that 
stores the intermediate results when 

doing a calculation. 3 

active attack (networks) A network attack 

where the hacker attempts to change 
data or introduce malware. 31 

algorithmic thinking Coming up with an 
algorithm to solve a problem. 51 

algorithm A step-by-step set of rules or 
instructions. 51-59 

alphanumeric The collective name for 
letters, digits and symbols. 67, 110 

analogue signal A continuous signal which 
can’t be processed by a computer. 112 

AND One of the Boolean operators. 

logic gate 98 

operator 73 

anti-malware software Software designed 
to stop malware from damaging a 
computer or network. 33 

application A piece of software written 
to help users do various tasks, often 
through a graphical user interface with 
menus and toolbars. 1, 6, 12, 13 

architecture Describes how the CPU works 
and interacts with the other parts of the 
computer system. 2, 3 

argument A value that a parameter of a sub 
program actually takes. 81 

arithmetic logic unit (ALU) The part of 
the CPU that carries out arithmetic and 
Boolean operations. 2, 3 

arithmetic operator An operator that 
programs use to Carry out simple 

mathematical operations. 64 

array A data structure where all the data is 
stored and defined under one variable 
name. 76, 77 

one-dimensional 76 

two-dimensional 77 

ASCII A 7-bit character set consisting of 
128 characters. 110 

assembler A program that turns assembly 
language into machine code. 92 

assembly language A low-level language. 
92 

assignment operator (=) Assigns the value 
on the right hand side to the name on 
the left hand side. 65 

authentication A process for checking the 
identity of the user. 88 

auto-documentation A programming tool 
commonly used to make a summary of a 
program. 93 

Glossary and Index 

backdoor A vulnerability in a computer or 
network’s security that a hacker could 
exploit. 31 

backup utilities 15 

bandwidth The amount of data that can be 
transferred on a network in a given time. 

20, 113 
binary A counting system using base-2 

consisting of Os and 1s. 103-105 

addition 104 
converting to/from denary 103 

converting to/from hexadecimal 107 

overflow 104 

shifts 105 

binary search algorithm 56 

binary shift Moving the bits in a binary 
number left or right and filling the gaps 
with Os. 105 

BIOS (Basic Input Output System) 
Software stored in ROM responsible for 
booting up a computer system. 6 

bitmap image A graphic that is made up of 
pixels. 111 

bit A binary digit, either 0 or 1. 100 

bit rate The number of bits used per second 
of sampled audio. 112 

Boolean A logical system using the 
operators OR, AND and NOT. The 

Boolean data can take one of two values, 
either true or false. 

data type 63 
logic gates 98, 99 

operators 73 

breakpoint A programming tool used to 
halt a program at a specific place. 93 

brute force attack A network attack which 
uses software to crack security passwords 
through trial and error. 31 

bubble sort algorithm 57 

bus topology A network topology in which 
all devices are connected to a single 
backbone cable. 24 

byte 8 bits. 100 

Cc 

cache (CPU) Quick access memory inside 
the CPU. 2,7 

casting A way of changing from one data 
type to another. 64 

cat 5e / cat 6 cable Standards for copper 
Ethernet cables used on LANs. 21 

censorship The control (usually by a 
government or organisation) of what 
information other people can access. 39 

channel (Wi-Fi®) A small range of Wi-Fi® 
frequencies. 22 

Glossary and Index 

character A single alphanumeric symbol. 
110 

(as a data type) 63 

character set A group of characters that a 
computer recognises from their binary 
representation. 110 

check digit A digit added to a string of 
digits which is used to check if all the 
digits have been entered and read 
correctly. 100 

checksum A number used to check if a 
packet of data sent between networks 
has been received correctly. 28 

client A device which requests data from a 
server. 23 

client-server network A type of network 
managed by a server, which takes 
requests from client devices. 23 

clock speed The number of instructions a 
processor can carry out each second. 7 

cloud computing The use of the Internet 
to store files and provide software. Also 
known as the cloud. 30, 39 

code editor Part of an IDE where you write 
and edit your source code. 93 

colour depth The number of bits used for 
each pixel in an image file. 111 

command-line interface A text-based 

user interface where the user types in 
commands. 13 

comment A note added to source code to 
say what part of a program does. 89 

comparison operator Compares two values 
and outputs either true or false. 65 

compiled code An executable file created 
by acompiler. 92 

compiler A programming tool to translate 
source code into machine code. 92 

compression The process of making the 
size of a file smaller. 15, 113 

computational thinking Tackling a problem 
through decomposition, abstraction and 

algorithmic thinking. 51 

Computer Misuse Act 46 

concatenation Joining strings together. 67 

condition-controlled loop An iteration 
statement that repeats a set of 
instructions until a condition is met. 72 

constant A named value which cannot be 
altered as the program is running. 66 

control unit (CU) The part of the CPU that 
controls the flow of data. 2 

copyright A legal right that prevents others 
from copying or modifying your work 
without permission. 47 

Copyright, Designs and Patents Act 47 

core (CPU) A processing unit found inside 
the CPU. 7 
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count-controlled loop An iteration 
statement that repeats a set of 
instructions a given number of times. 71 

CPU (or processor) The part of the 
computer system that processes the data. 
It contains the control unit, ALU and 
cache. 1-3 

performance 7 

Creative Commons licence Permits sharing 
of a creative work as long as certain 
requests from the original creator are 
upheld. 47 

cultural issue An issue which affects a 
particular religious, ethnic, national or 
other group. 38-42 

cyberbullying Using social media to 
deliberately harm someone else. 40 

D 

database A collection of data records 
(made up of fields) often represented as 
tables. 80 

Data Protection Act 46 

data type Tells you what kind of data it is, 
e.g. integer, real, string, etc. 63 

debugging Identifying and fixing errors in a 
program. 93 

decomposition Breaking a problem down 
into smaller problems. 51 

dedicated system A computer system 
designed to carry out a specific task. 1 

defensive design A method of designing a 
program so that it functions properly and 
doesn’t crash. 87-89 

defragmentation Reorganising data on a 
hard drive to put broken up files back 
together and collect up the free space. 
15 

denary A number system using base-10. 
Also known as decimal. 103 
converting to/from binary 103 

converting to/from hexadecimal 106 

denial-of-service attack A network attack 
which stops users from accessing a part 
of a network or website. 31 

Designs and Patents Act 47 

device driver A piece of software that 
allows applications to communicate 
with a piece of hardware. 12 

digital divide The inequality created by 
the fact that some people have greater 
access to technology than others. 42 

digital signal The representation of an 
analogue signal using binary data. 112 

disk management Organisation and 
maintenance of the hard disk. 14, 15 

domain name server (DNS) A server which 
stores website domain names and their 

IP addresses. 30 

dongle A small piece of hardware which 
allow devices to connect to a network 
wirelessly. 22 

DO UNTIL loop Type of iteration 
statement. 72 

DO WHILE loop Type of iteration 
statement. 72 

dynamic IP address An IP address which is 
automatically assigned to a device when 
it connects to a network. 27 

= 

ELSEIF 70 

embedded system A computer built into 
another device, e.g. a Smart TV. 1 

encryption Coding (‘encrypting’) data so 
that it can only be decoded (‘decrypted’) 
with the correct key. 15, 33 

environmental issue An issue relating to 
how we impact the natural world. 38, 
45 

erroneous data Test data that a program 
isn’t designed to accept. 91 

error diagnostics Information about an 
error once it’s been detected. 93 

errors (programming) 90 

Ethernet Network protocol used on LANs. 
Zi, 

ethical issue Something which raises 
questions of right and wrong. 38-42 

E-waste Discarded computer material. 45 

extended ASCII An 8-bit character set 
consisting of 256 characters. 110 

extreme data Test data on the boundary of 
what the program will accept. 91 

= 

fetch-decode-execute cycle The process 
that the CPU uses to retrieve and execute 

instructions. 3 

fibre optic cable A high performance cable 
that uses light to carry data. 20, 21 

field An element of a record used to 

store one piece of data. A column 
of a database table. 79, 80 

file handling (programming) Reading from 
and writing to external files. 78 

file management The organisation, 
movement and deletion of files. 14 

file sharing Copying files between devices 
on anetwork. 23, 47 

final testing When the testing stage of the 
software development cycle is only done 
once to check the software meets all the 
initial requirements. 91 

Glossary and Index 

firmware Permanent software stored on 

ROM, used to control hardware or 

embedded systems. 6 

flash memory Solid state non-volatile data 
storage. 6, 8,9 

flow diagram A graphical way of showing 
an algorithm. 53 

FOR loop A type of count-controlled 
iteration statement. 71 

frame The unit used to send data via 

Ethernet overa LAN. 21 

Freedom of Information Act 46 

FTP (File Transfer Protocol) A protocol 

used to access, edit and move files on 

another device, like a server. 29 

functionality testing A type of testing that 
assesses how well a program meets the 
requirements. 90 

function A sub program that takes 
parameters and returns a value. 81, 82 

G 

gigabyte 1000 megabytes. 100 

global divide The digital divide between 
different countries. 42 

global variable (programming) A variable 
available throughout the whole program. 
82 

GPU (Graphics Processing Unit) A circuit 
for handling the processing of graphics 
and images. 7 

graphical user interface (GUI) Allows the 
user to interact with the computer in a 
visual and intuitive way. 13 

graphics card A piece of hardware 
containing a GPU. 7 

GUI builder An IDE tool for giving a 
program a graphical user interface. 93 

H 

hacker A person who tries to illegally 
access or attack a computer network or 
device. 31, 46 

hard disk drive (HDD) Traditional internal 
storage for PCs and laptops that stores 
data magnetically. 1, 8, 9 

hardware The physical parts of a computer 
system. 1, 12, 21 

heat sink Pulls heat away from the CPU to 
help maintain its temperature. 1 

hexadecimal A counting system using 
base-16 consisting of the digits 0-9 and 
the letters A-F. 106, 107 

converting to/from binary 107 

converting to/from denary 106 

high-level language A programming 
language like C++ and Java™ that is easy 
for humans to understand. 92 

Glossary and Index 
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hosting (Internet) When a business uses 
its servers to store the files of another 

organisation. 30 

hotspot A location where people can 
access a wireless access point. 22 

HTTP (Hyper Text Transfer Protocol) Used 
by web browsers to access websites and 
communicate with web servers. 29 

IDE (Integrated Development Environment) 
A piece of software to help a 
programmer develop programs. 93 

IF statement Type of selection statement. 

70 

images 111 

IMAP (Internet Message Access Protocol) 

A protocol used to retrieve emails from a 
server. 29 

incremental backup A record of all the 
changes since the last incremental 
backup. 15 

indentation Spaces put at the beginning of 
lines of code to help show a program’s 
structure. 89 

input sanitisation Removing unwanted 
characters from an input. 87 

input validation Checking that an input 
meets certain criteria. 32, 87 

insertion sort algorithm 59 

insider attacks A network attack where 

someone within an organisation exploits 
their network access to steal information. 

31, 33 

integer (data type) A numerical data type 
for whole numbers. 63 

intellectual property An original piece 
of work (or an idea) that someone has 
created and belongs to them. 47 

Internet The biggest WAN in the world, 
based around the TCP/IP protocol. 30, 
39-42 

Internet Protocol (IP) The protocol 
responsible for packet switching. 29 

interpreter A translator that turns the 
source code into machine code and runs 

it one instruction at atime. 92 

IP address A unique identifier given to a 
device when it accesses an IP network. 
Za 

iteration statement A statement which 
makes the program repeat a set of 
instructions. 71, 72 

iterative testing Repeated testing done 
during the development of a program. 
91 

Glossary and Index 

K 

kilobyte 1000 bytes. 100 

L 

LAN (Local Area Network) A network 
which only covers a single site. 20 

lawful interception Checking data on a 
network for cyber security purposes. 31 

layers (network) Groups of protocols that 
have similar functions. 29 

legal issue An issue relating to what's right 
and wrong in the eyes of the law. 38, 
46, 47 

linear search algorithm 56 

linker A programming tool which can 
combine different compiled codes. 92 

Linux An open source operating system. 

16 

local variable A variable that is only 
defined and usable within certain parts 
of a program. 82 

logic circuit An electronic circuit for 
performing logic operations on binary 
data. It may have more than one logic 
gate and more than two inputs. 99 

logic error When a program does 
something that was not intended. 90 

logic gate An electronic circuit Component 
that performs a Boolean operation (e.g. 
AND, OR or NOT). 98 

loop (programming) A set of instructions 

that the program repeats until a 
condition is met or count is reached. 
714572 

lossless compression Temporarily removing 
data from a file to decrease the file size. 

113 

lossy compression Permanently removing 
data from the file to decrease the file 
size. 113 

low-level language A programming 
language that is close to what a CPU 
would actually do and is written for 
specific hardware (i.e. CPU type). E.g. 
machine code and assembly languages. 
2 

M 

MAC address A unique identifier assigned 
to a device that cannot be changed. 27 

machine code The lowest-level 
programming language consisting of Os 
and 1s. CPUs can directly process it as a 
string of CPU instructions. 92 

magnetic storage Hard disk drives and 
magnetic tapes that hold data as 
magnetised patterns. 8, 9 

Glossary and Index 

mainframe (or supercomputer) An 
extremely powerful (and expensive 
and reliable) computer for specialist 
applications. 1, 14 

maintainability A characteristic of 
defensive design that helps programmers 
modify and repair programs. 89 

malware Malicious software created 
to damage or gain illegal access to 
computer systems. 31, 33 

megabyte 1000 kilobytes. 100 

memory Hardware used to store data that a 
CPU needs access to. 3, 6 

memory address register (MAR) A CPU 
register that holds memory addresses 
(locations) for data and instructions that 
the CPU needs. 3 

memory data register (MDR) A CPU 
register that holds data and instructions. 
3 

merge sort algorithm 58 

mesh topology A network topology where 
every device is directly or indirectly 
connected to every other without a 
central switch or server. 24 

metadata Extra data stored in a file 
which gives information about the file’s 
properties. 111 

motherboard The main circuit board in a 

computer that other hardware connects 
iolaGne I 

multi-tasking (OS) When an operating 
system runs multiple programs and 
applications at the same time. 13 

multi-user (OS) When an operating system 
allows multiple users at the same time. 
14 

N 

nested IF statement A selection statement 
made up of multiple IF statements inside 
each other. 70 

network forensics Investigations that 
organisations undertake to find the cause 
of attacks on their network. 33 

network interface controller (NIC) An 
internal piece of hardware that allows a 
device to connect to a network. 21 

network policy A set of rules and 
procedures an organisation will follow to 
ensure their network is protected against 
attacks. 33 

network security Protection against 
network attacks. 31-33 

nibble 4 bits. 100 

non-volatile memory Memory that retains 
its contents when it has no power. 6 
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normal data A type of test data that 
simulates the inputs that users are likely 
to enter. 91 

NOT One of the Boolean operators. 

logic gate 98 

operator 73 

O 

open source (software) Software that can 
be modified and shared by anyone. 16 

operating system (OS) A piece of software 
responsible for running the computer, 
managing hardware, applications, users 
and resources. 12-14 

operator A special symbol like +, *, =, 
AND, ==, that carries out a particular 
function. 64, 65 

optical disc CD, DVD or Blu-Ray™ disc that 
is read / written to with lasers. 9 

optical drive Device used to read and write 
to optical discs. 1 

OR One of the Boolean operators. 

logic gate 98 

operator 73 

overclocking Running a CPU at a higher 
clock speed than was intended. 7 

overflow error An error that occurs when 

the computer attempts to process a 

number that has too many bits for it to 
handle. 104 

P 

packets (networks) Small, equal-sized 

units of data used to transfer files over 

networks. 28, 29 

packet switching The process of directing 
data packets on a network using routers 
and the IP protocol. 28 

parameter A variable that a sub program 
requires in order to run — it’s only 
defined within the sub program. 81 

parity bit A bit placed at the end of 
binary data to show if it’s been received 
correctly. 100 

passive attack (networks) Where a 
hacker monitors data travelling 
ona network. 31 

password A string of characters that allows 
access to certain parts of a computer or 
program. 14, 33, 88 

patent A licence that protects new 
inventions, ideas and concepts. 47 

payload (network packets) The part of a 
packet with the actual data. 28 

peer-to-peer (P2P) network A network in 
which all devices are equal and connect 
directly to each other. 23 

pentesting (penetration testing) The 
process of simulating attacks on a 
network to identify weaknesses. 33 

peripherals External hardware connected 
to a computer. 1, 12 

petabyte 1000 terabytes. 100 

phishing When criminals send emails or 
texts to someone claiming to be a well- 
known business. 32 

pixels Small dots that make up a bitmap 
image. 111 

platform (OS) A computer system that 
other applications can run on. 13 

POP3 A protocol used to retrieve emails 
from a server. 29 

power supply A piece of hardware that 
gives the other pieces of hardware the 
energy they need to run. 1 

primary storage Memory that can be 
accessed directly by the CPU. 6, 8 

privacy 39 

procedure A sub program that carries out a 
list of instructions. 81, 82 

processing The execution of program 
instructions by the CPU. 1-3 

program counter (PC) Holds the memory 
address of the next CPU instruction. 3 

program flow The order in which 
statements are executed in a program 
(controlled with selection and iteration 
statements). 70-72 

program A set of instructions that can be 
executed on a computer. 
programming 63-82 

proprietary software Software where 
modifying and sharing is not permitted. 
16 

protocols (networks) A set of rules for how 
devices communicate over a network. 

27-29 

pseudocode A set of instructions in the 
style of a programming language but 
using plain English. 52 

public domain Describes content which 
has no copyright attached to it. 47 

Q 
Query A request to retrieve data that meets 

certain conditions from a database. 80 

R 

RAM The main memory of a computer. 
67 

ransomware A type of malware that uses 
encryption to lock a user out of their 
files. 31 

real (data type) A numerical data type 
for decimal numbers. 63 

record A data structure used to store 
multiple items of data about one 
‘thing’ together. A row in a database 
table. 79, 80 

register A temporary data store inside a 
GU. 2,3 

repetitive strain injury (RSI) A health 
problem caused by doing repeated 
movements over a long period of 
time. 41 

resolution The density of pixels in an 
image, often measured in dpi. 111 

ring topology A network topology 
where the devices are connected 
in a ring, with data moving in one 
direction. 24 

ROM (Read only memory) Memory that 
can be read but not written to. 6 

router A piece of hardware responsible 
for transmitting data between 
networks. 21, 28 

run-time environment Allows code to 

be run and tested from within an IDE. 

93 

S 

sample size The number of bits available 
for each audio sample. 112 

sampling The process of converting 
analogue signals to digital data. 112 

sampling frequency The number of 
audio samples that are taken per 
second. 112 

sampling intervals The time between 
each sample. 112 

sanitisation (programming) Removing 
unwanted characters from an input. 
87 

scareware A type of malware that 
creates false messages to trick the user 
into following malicious links. 31 

script A simple program, often run on 
command-line interfaces to automate 

tasks. 13 

search algorithm A set of instructions 
that you can follow to find an item in 
a list. 56 

secondary storage External data 
storage used to store data so that the 
computer can be switched off. 6, 8, 9 

selection statement A statement which 
causes the program to make a choice 
and flow in a given direction — e.g. 
IF and SWITCH-CASE statements. 
70, 71 
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server A device which provides services for 
other devices (clients), e.g. file storage / 
web pages / printer access. 23, 45 

sharing economy Where people make 
money from things they already own. 42 

single-user (OS) When an operating system 
only allows one user to use it at any one 
time. 14 

SMTP (Simple Mail Transfer Protocol) 
Used to send emails and transfer emails 
between servers. 29 

social engineering A way of gaining 
illegal access to data or networks by 
influencing people. 32 

social media Web applications which 
allow people to communicate and share 
content with others online. 39-41 

software Programs or applications that can 
be run on a computer system. 1, 12-16 

software licence A legal agreement that 
states how software can be used and 
distributed. 16, 47 

solid state drive (SSD) Alternative to a 
traditional magnetic hard disk drive that 
uses flash memory. 8, 9 

sorting algorithm A set of instructions that 
you can follow to order a list of items. 
57-59 

bubble sort 57 

insertion sort 59 

merge sort 58 

sound 112 

source code The actual written code of a 

program. 16, 92 

spoof website A fake website that tricks 
users into thinking it’s another well- 
known website. 32 

spyware A type of malware which secretly 
monitors and records user actions. 31 

SQL (Structured Query Language) A 
programming language used to manage 
and search databases. 32, 80 

SQL injection A piece of SQL code which 

can be typed into an input box to try and 
attack the SQL database. 32 

stakeholder Somebody who has an interest 
in or is affected by the decisions of an 
organisation. 38 

star topology A type of network topology 
where all devices are connected to a 

central switch or server which controls 

the network. 24 

static IP address A permanent IP address. 
2A 

storage device A device used to read and 
write data to a storage medium. 8, 9 

storage medium A thing that holds data. 
It can be part of the storage device (e.g. 
magnetic disks inside a hard drive) or 
separate (like a CD). 8,9 

Glossary and Index 

string A data type for text. 

data type 63 

manipulation 67 

sub program A set of code within a 
program that can be called at any time 
from the main program. 81, 82 

surveillance The act of monitoring what 
people are accessing on the Internet. 39 

SWITCH-CASE statement A type of 
selection statement. 71 

switch (network) Connects devices 

together on a LAN and directs frames of 
data to the correct device. 21 

syntax error An error in the code where 
the rules or grammar of the programming 
language have been broken. 90 

system software Software designed to run 
or maintain a computer system. 12-15 

= 

TCP/IP A set of protocols which dictate 
how data is sent over the Internet. Made 

up of Transmission Control Protocol 
(TCP) and Internet Protocol (IP). 27-30 

terabyte 1000 gigabytes. 100 

tertiary storage High-capacity external 
storage used mainly for back ups. 8 

test data Inputs that are chosen to see if a 
program is behaving as intended. 91 

testing A way of checking if a program 
functions correctly and meets certain 
requirements. 90, 91 

test plan A detailed plan of how a program 
is going to be tested including what test 
data will be used. 91 

topology (networks) How the devices ina 
network are connected together. 24 

traffic (networks) The amount of data 
travelling on a network. 28 

translator A program that turns a 

programming language into machine 

code. 92 

trojans A type of malware which is 
disguised as legitimate software. 31 

trolling The act of trying to provoke public 
arguments online. 40 

truth table A table listing all possible 
binary inputs through a logic circuit, 
with the corresponding outputs. 98, 99 

U 

Unicode® A large character set that 
attempts to include all possible 
characters. 110 

units (of data) 100 
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URL (Uniform Resource Locator) An 

address used to access web servers and 

resources on them. 30 

user access levels Controls what files or 

areas of the network different groups of 
users Can access. 33 

user account 14 

user interface Provides a way for the user 
to interact with the computer. 13 

utility software Software designed to help 
maintain a computer system. 15 

Vv 

validation Checking that an input meets 
certain criteria. 32, 87 

variable A named value which can be 
changed as the program is running. 66 

global 82 

local 82 

viral Content on the Internet which has 
spread rapidly via social media. 41 

virtual memory Area of secondary storage 
used by the OS as extra RAM. 6 

virtual network A software-based network 
that exists between devices on a physical 
network. 30 

virtual server A software-based server. 45 

virus A type of malware which spreads by 
attaching itself to files. 31 

volatile memory Memory that loses its 
contents when it has no power. 6 

Von Neumann A type of CPU architecture. 
23 

Ww 

WAN (Wide Area Network) A network 

which connects networks in different 

geographical locations. 20, 30 

Waste Electric and Electronic Equipment 
(WEEE) directive 45 

WHILE loop Type of iteration statement. 
Tie 

Wi-Fi® The standard used for wireless 

connections between devices. 22 

WIMP. A GUI based on windows, icons, 

menus and pointers. 13 

wired / wireless networks 20-22 

wireless access point (WAP) A piece of 
hardware that allows devices to connect 
wirelessly. 22 

world wide web (www) The collection of 

websites hosted on the Internet. 30 

worms A type of malware which replicates 
itself. 31 
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